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To the Firſt Eprr1o. vv 


7 be ey to acquaint, the Reader, that the fob 
* — Obſervations and Experiments were not drawn up 
with à view to their being made publick, but were com- 
municated at different times, and moſt of them in letters written 
on various topics, as matters only of private amuſement. 

But. ſome. perſons to whom they avere read, and who had 
themſelves: been converſant in electrical diſuiſitions, were of 
opinion, they contained ſo many curious and intereſting purti- 
culars relative to this affair, that it wauld be doing a kind of 
injuſtice to the public, to confine them foe to the limits of 4 
private acquaintance.” . 

The Editor as therefore prevailed upon to commit fuch 
extradts of letters, and other detached. Preces as. were in A 
| hands to the. preſs, without waiting for the ingenious author's 
permiſſion fo to do, and this was done with the leſs hefitation, 
as it was apprehended the author's engagements in other affairs 
would ſcarce afford bim leiſure ta give the publick bis reflec- 
- tions and experiments on the ſubjett, finiſhed with that care 
and precifion, of which the treatiſe before us ſhews be i ts 9 
Audibus and capable. 

"The experiments hich our author relate are mol of chew 
: peculiar 'to. himſelf; they are cunducted with juagment, ira 

vn hy OR 6. t 


1 


iv EN 
tbe inferences from them plain and concluſive * though ſome- 


times propoſed under the terms of ſup poſitions and conjettures. 

And indeed the ſcene he opens, ſtrikes us with a pleaſing 
aſtoniſhment, while he conducis us by 'a train of facts and 
judicious reflections, to a probable cauſe of theſe phanomena, 
which are at/onct tür moſt athful, and, hithertd, accounted 
for with the leaſt verifimilitude. 

He exhibits to our confideration, an inviſible, Jubtle matter, 
di ſeminated through all nature in various propertiuns, equally 
unobſerved, and, abi all thoſe bodies to aich it Proukiarly 
adheres are alike — with it, inefenſuve. 

He fhews, however, that if an unequal diftribution 155 any 
means brought about; if there is a coacervation in one part of 
ſpace, à leſs proportion, vacuity, or want, in anorber; by the 
near approach of a body capable of conducting the coacervated 
part to the emptier ſpace, it becomes perhaps the moſt formid- 
able trrefiftible agent in the univerſe. Animals are in an in- 
fant flruck breathleſs, bodies almoſt impervi ons by any force yet 
known, are perforated, and metals fuſed by it, in à moment. 

From the fimilar effetts of lightning and eleftyicity, our au- 


eee 
of the former, and, at the ſame time, to propoſe ſome rational © 


experiments in order to ſecure ourſelves,” and thoſe things on 
which itt force is often directed, from its pernicious Neat; 


 @ circumſtance c wen heme g ee and there 
fare worthy of the utmoſt attention. | 


I has, indeed, been of late the faſhion to aſcribe every grand 
"or gfe operation of nature, ſuch as lightning and currb. 
quakes, to electricity; not, as one womd imagine from the 
W 

theſe 
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theſe ſchemes have diſcovered any connection betwixt the cauſe 
and effect, or ſaw in what manner they were related; but, as 
it would ſeem, merely becauſe they were unacquainted with 
any other agent, of which it could not poſitively be ſaid the 
connectiam was impoſſible. 

But of theſe, and many other intereſting circumſtances, the 
reader will be. more  ſatisfatterily informed in the ' Following 
letters, to which be is AN (re oy ** 


3.41% 
k 8 vp 


The EDITOR: 


* * 
W L 


9 
N 7 22 10 the "Fourth Fg $1 an 


— 4 \  # . 


the fame Anker, that have been inſerted 
at different Times in the Philoſophical Tranſac- 
tions of the Royal Society, or in the Magazines, 
or printed in ſeparate Pamphlets, are collected 
| — added to this Edition; together with a Num- 


ber of others on various Subjects, never before 


printed, that have paſſed between the Author and 
his friends. Many Errors in the preceding Edi- 
tions, are now corrected; ſome of the Letters 
which have been tranſpoſed, are reſtored to their 
proper places; and ſundry Paſſages are more ful- 


5 ly explained by Notes. There is alſo added, * 


compleat Index to the whole. 
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LL the Philoſo hical Letters and . of 
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r FROM 
_ FRANKLIN, Eſq; at Philadelphia, 
1 0 


PETER G Eſq; F. R. x. London. 


= & I Philadelphia, March 28, 1747. 
Pex OUR kind preſent of an electrie tube, with 
directions for uſing it, has put ſeveral of 

> us * on making electrical experiments, in 
which we have obſerved ſome particular 
phenomena that we look upon to be new. I ſhall 
therefore communicate them to you in my _ 
though poſſibly they may not be new to you, 
among the numbers daily employed in thoſe a 


j. e. of the Library-Company, an inſtitution of the Author's, founded 
1735. To which company n ATY 


ments 
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ments on your fide the water, tis probable ſome one 
or other has hit on the ſame obſervations. For my 
own part, I never was before engaged in any ſtudy 
that ſo totally engroſſed my attention and my time as 
this has lately done; for what with making experi- 
ments when I can be alone, and repeating them to my 
Friends and Acquaintance, who, from the novelty of 
the thing, come continually in crouds to ſee them, I 
have, during ſome months "Ate had little leiſure for 


any thing elſe, 
Ian, Ge. 


B. FRANKLIN, 


. © x 
1 8 1 
. 4 
LETTER 
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1 N my 10 h informed. you chat, in purſuing gur 
electrical enquiries, we had obſeryed ſame particular 
Phenomena, which we lagked Wor 40 be new, HAAR of 
which I promiſed +, I you ſome account, th 

1 apprehended. they might not paflibly be new 1 — 
as ſo many hands are 0 employed. in i ce ex- 
periments, on your fide the. water, ſome. or ather;pf 
| Which woull{ proba ably hit on the ſame gbſ ſqrvations, , 
The firſt is the woriderful effect of Pointed boches, 
both in drawing 4 mY a of the Are 
For example, «1 01 1 

Place an iron of. three ar four inches 8 
on the mouth of a, clean dry glaſs battle. By. a fine 
ſilken thread from the cieling, right over the mouth 
of the bottle, ſuſpend a ſmall cork-ball, about the 
ö 1 bigneſs 


ö 


| 
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bigneſs of a marble ; the thread of ſuch a length, as 
that the cork-ball may reſt againſt the ſide of the ſhot. 
Electrify the ſhot, and the ball will be repelled to the 
diſtance of four or five inches, more or leſs; according 
to the quantity of BleEtricity,---When in this ſtate, if 
you preſent to the ſhot the point of a long, ſlender, 
ſharp bodkin, at ſix or eight inches diſtance, the repel- 
leney is inſtantly deſtroyed, and the cork flies to the 
mot. A blunt body muſt be brought within an inch, 
and draw a ſpark to Produce the ſame effect, To prove 
that the electrical fire is drawn of by the point, if you 
take the blade of the bodkin out of the wooden han- 
dle, and fix it in a ſtick of ſealing-wax, and then 
preſent it at the diſtance aforeſaid, or if you bring it 
very near, no ſuch effect follows; but ſliding one fin- 
ger along the wax till you touch the blade, and the 
ball flies to the ſhot i eB ech Af you preſent the 
Point in the dark „Jou will 36 ſotnetimes at a foot 
diftance'arid more, a light gather upon It, like that of 
a flre-Hy, or glow-worm ; the leſs ſnärp the pbint, the 
nearer. you muſt bring it to ſerve the Hight ; and at 
Whatever diſtänce you ſee the light, you may draw 
off the electrical fire, and deftroy the repellency.---If 
a cork-ball i füſpended be rep epic by This tube, and 
a” point be preſtnted quick tö It, though at a conſi- 
Aelable Gftanet, "Bi fatpritimg\to| ſee how ſuddenly 
it flies back to the tube. Points pf wood will do near 
as well as thoſe of iron, provided; e wood is not dry ; 
fot perfectly dry wood will no 5 fe 1 


P than ſeals: Wax. 
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To ſhew that points will {brow off * as well as draw 

the electrical fire ; lay a long ſharp needle upon the 

ot, and you cannot electriſe the ſhot ſo as to make 
it repel the cork-ball.,---Or fix a needle to the end of 
a ſuſpenn. d gun-barrel, or iron-rod, ſo as to point 
beyond it like a little bayonet T and while it remains 
there, the gun- barrel, or rod, cannot by applying the 
tube to the other end be electriſed ſo as to give a ſpark, 
the fire continually running out ſilently at the point. 
In the dark you may ſee it make the ſame appearance 
as it does in the caſe before- mentioned. 

The repellency between the cork- ball and the ſhot is 
likewiſe deſtroyed. 1. By ſifting fine ſand on it; this 
does it gradually. 2. By breathing on it. 3. By 
making a ſmoke about it from burning wood . 4. By 
eandle- light, even though the candle is at a foot diſ- 
tance: theſe do it ſuddenly.— The light of a bright 


This power of points to hre off the electrical fire, was firſt com- 
municated to me by my ingenious. friend Mr Thomas Fophinſon, ſince 
deceaſed, whoſe virtue and integrity, in every ſtation of life, public and pri- 
vate, will ever make his Memory deat to thoſe who knew him, and knew 
how to value him. N A 

. This was Mr e Experiment, made with an expectation of 
drawing a more ſharp and powerful ſpark from the point, as from a kind 
of focus, and he was ſurprized to find little or none. | 


t We ſuppoſe every particle of ſand,” moiſture, or ſmoke, being firſt at- 
tracted and then repelled, carries off with it a portion of the electrical fire; 
but that the ſame ſtill ſubſiſts in thoſe particles, till they communicate it to 
ſomething elſe, and that it is never really deſtroyed. . 80 when water 
is thrown on common fire, we do not imagine the-etement is thereby de- 
ſtroyed or annihilated, but only diſperſed, each particle of water carrying 
= vapour its portion of the fire, Which it had attracted and attached to 


- coal 


1 


al from a wood fre; and che light of a red- hot iron 
do it Rkewiſe; but not at fo great a diſtance. Smoke 
from dty roſin dropt on hot iron, does not deſtroy the 
repeltency; but is attracted by both ſhot and cork«ball; 
forming proportionable atmoſpheres round them, 
making chem Look beautifully, fomewhat-Iike ſome of 
the figures in Burnet & or Ahiton's Theory of the Earth! 
N. B. This experiment ſhould be made in a cloſet, 
where the air is very ſtill, or it will be apt to fail. 
The light ef the fun thrown ſtrongly on both cork 
and ſhot by a looking-glafs for a long time together, 
does not impair the repellency in the feaſt. This dif- 
ference between fire-light and ſun light is another 
thing that ſeems new and extraordinary to uss. 
We had for ſome time been of opinion, that the 
electrical fire was not created by friction, but collected, 
being really an element diffuſed among, and attracted 
by other matter, particularly by water and metals. 
We had even diſcovered and demonſtrated its aflux to 
the electrical ſphere, as well as its efflux, by means of 
little light windmill wheels made of ſtiff paper vanes, 
fixed obliquely, and turning freely on fine wire axes. 
Alſo by Httle wheels of the fame matter, brit formed 
like water- wheels. Of the diſpoſition and application of 
which wheels, and the various phænomena reſulting, 


This different Effect probably did not ariſe from any difference in 
the light, but rather from the particles 7 from the candle, being firſt 
and then repelled, carrying off the electric matter with them; 

and from the 5 the air, between the glowing coal or red-hot iron, 
and the electriſed ſhot, through which — air the electric fluid could 
more readily paſs. N 
J could, 
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I could, if I had time, fill you a ſheet +. The impoſ- 
ſibility of electriſing one's ſelf (though ſtanding on 
wax) by rubbing the tube, and drawing the fire from 
it; and the manner of daing it, by paſſing the tube 
near a perſan ar thing ſtanding on the floor, &c. had 
alſo occurred to us ſame months before Mr. Watſon's 
ingenious Sequel came to hand, and theſe were ſome 
of the new things I intended to have communicated 
to you.— But now I need only mention ſome particu- 
lars not hinted in that piece, with our reaſonings 
thereupon: though perhaps the latter might well 
enough be ſpared. 

1. A perſon ſtanding on wax, and rubbing the tube, 
and anather perſon on wax drawing the fire, they will 
both of them, (provided they do not ſtand ſo as to 
touch one another) appear to be electriſed, to a perſon 
ſtanding on the floor; that is, he will perceive a ſpark 
on approaching each of them with his knuckle. | 

2. But if the perſons on wax touch one another 

during the exciting of the tube, neither of them will 
—_ to be electriſed. 
3. If they touch one another after exciting the 
- and drawing the fire as aforeſaid, there will be a 
| ſtronger ſpark between them than was between either 
of them and the perſon on the floor, 


+ Theſe experiments with the wheels, were made and communicated to 
MA — friend Mr Philip Su! but we after- 
wards diſcovered that the mation . of, thoſe wheels was not owing. to any 
afflux of efflux of the electric fluid, here to e an of attraction 


Fr N 1750. 


4. After 
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4. After ſuch ſtrong ſpark, neither of them aver 
any electricity. 
* Theſe appearances we attempt to account fob this: 
We ſuppoſe, as aforeſaid, that electrical fire is a com- 
mon element, of which every one of the three perſons 
abovementioned has his equal ſhare, before any opera- 
tion is begun with the tube. A, who ſtands on wax 
and rubs the tube, collects the electrical fire from 
himſelf into the glaſs; and his communication with 
the common ſtock being cut off by the wax, his body 
is not again immediately . ſupply'd. B, (who ſtands 
on wax likewiſe) paſſing his knuckle along near the 
tube, receives the fire which was collected by the glaſs 
from A; and his communication with the common 
ſtock being likewiſe cut off, he retains the additional 
quantity received.---To C, ſtanding on the floor, both 
appear to be electriſed: for he having only the middle 
quantity of electrical fire, receives a ſpark upon ap- 
proaching B, who has an over quantity ; but gives 
one to A, who has an under quantity. If A and B 
approach to touch each other, the ſpark is ſtronger, 
becauſe the difference between them is greater: After 
fuch touch there is no ſpark between either of them 
and C, becauſe the electrical fire in all is reduced to 
the original equality. If they touch while electriſing, 
the equality is never deſtroy'd, the fire only circulat- 
ing. Hence have ariſen ſome new terms among us: 
we ſay B, (and bodies like circumſtanced) i is electriſed 
K A, negatively. Or rather, B 1s electriſed ö 
plus; A, minus. And we daily in our experiments 
n 


Fe 
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electriſe bodies plus or minus, as we think proper. To 
electriſe plus or mimus, no more needs to be known than 
this, that the parts of the tube or ſphere that are 
rubbed, do, in the inſtant of the friction, attract the 
electrical fire, and therefore take it from the thing 
rubbing: the ſame parts immediately, as the friction 
upon them ceaſes, are diſpoſed to give the fire they 
have received, to any body that has leſs. Thus you 
may circulate it, as Mr. Watſon has ſhewn'; you may 
alſo accumulate or ſubtract it, upon, or from any body, 
as you connect that body with the rubber or with the 
receiver, the communication with the common ſtock 
being cut off. We think that ingenious gentleman 
was deceived when he imagined (in his Sequel) that the 
electrical fire came down the wire from the cieling to 
the gun barrel, thence to the ſphere, and ſo electriſed 
the machine and the man turning the wheel, &c. We 
ſuppoſe it was di ven of, and not brought on through 
that wire; and that the machine and man, Ce. were 
electriſed minus; i. e. * r in ery Wan 
things in common. 
As the veſſel is juſt benni I cannot give you fo 
large an account of American Electricity as I intended: 
I ſhall only mention a few particulars more. We find 
granulated lead better to fill the phial with, than water, 
being eaſily warmer, and kerping warm and dry in damp 
air We fire ſpirits with the wire of the phil. We 
light candles, juſt blown out, by drawing a ſpark 
among the ſmoke between the wire and ſnuffers. . We 
repreſent lightning, by paſſing the wire in the dark, over. | 
a nga plate that has gilt flowers, or applying it to 
C gilt 
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gilt frames of looking-glaſſes, &c. We electriſe a per- 
fon twenty or more times running, with a touch of the 
finger on the wire, thus: He ſtands on wax. Give him 
the electriſed bottle in his hand. Touch the wire with 
your finger, and then touch his hand or face; there are 
ſparks every time * We encreaſe the force of the elec- 
trical kiſs vaſtly, thus: Let A and B ſtand on wax; or 
A on wax, and B on the floor; give one of them the 
electriſed phial in hand; let the other take hold of the 
wire; there will be a ſmall ſpark; but when their lips 
approach, they will be ſtruck and ſnock d. The fame. 
if another gentleman and lady, C and D, ſtanding alſo 
on wax, and joining hands with A and B, falute or 
ſhake hands. We ſuſpend by fine ſilk thread a coun- 
terfeit ſpider, made of a ſmall piece of burnt cork, 
with legs of linnen thread, and a grain or two of lead 
ſtuck in him, to give him more weight. Upon the 
table, over which he hangs, we ſtick a wire upright, as 
high as the phial and wire, four or five inches from the 
ſpider : then we animate him, by ſetting the electrified 
phial at the ſame diſtance on the other ſide of him; he 
will immediately fly to the wire of the phial, bend his 
legs in touching it; then ſpring off, and fly to the 
wire in the table: thence again to the wire of the phial, 
playing with his legs againſt both, in a very entertaining 
manner, appearing perfectly alive. to perſons: unac- 
quainted. He will continue this motion an hour or 
By taking a. row the winy the electricity within the bottle is di- 


miniſhed ; the outſide tle then draws ſome from the perſon holdin 
it, and leaves him in the negative ſtate, Then when his hand or face 


touch'd, an equal quantity is reſtored to him ſrom the perſon touching. 
1 more 
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more in dry weather.---We electrify, upon wax in the 
dark, a book that has a double line of gold round upon 
the covers, and then apply a knuckle to the gilding ; the 
fire appears every where upon the gold like a flaſh of 
lightning: not upon the leather, nor, if you touch the 
leather inſtead of the gold. We rub our tubes with 
buckſkin, and obſerve always to keep the ſame ſide to 
the tube, and never to ſully the tube by handling; thus 
they work readily and eaſily, without the leaſt fatigue, 
eſpecially if kept in tight paſteboard caſes, lined with 
flannel, and ſitting cloſe to the tube v. This I men- 
tion, becauſe the European papers on electricity fre- 
quently ſpeak of rubbing the tube as a fatiguing exer- 
ciſe. Our. ſpheres are fixed on iron axes, which paſs 
through them. At one end of the axis there is a ſmall 
handle, with which you turn the ſphere like a common 
grindſtone. This we find very commodious, as the 
machine takes up but little room, is portable, and may 
be encloſed. in a tight box, when not in uſe. Gar « wo 
the ſphere does not turn {6 fwift as when the 

wheel is uſed : but ſwiftneſ we think of little An. 
ö Ancient ſince u few turns will chatge the phial, Ge. 
clently 7. | | | 
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＋* HE neceſſary trouble of copying long let 

Which, perhaps, when they come to your han eh 
may contain nothing new, or w op your readings (lo 
quick is the progreſs made with you in Electricity) 
half diſcourages me from writing any niore on that 
ſubject Yet 1 cannot forbear adding a few obſerva- 
tions on M. Muſchenbroek's wonderful bottle. 

1. The non-electric contain'd in the bottle differs 


j 


when electriſed from a non- electric electriſed out, of * 


the bottle, 1 in this: that the electrical fire of the latter 
is accumulated on 11 ſurface, and forms an electrical 


8 electrical 
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eletrical fire is crowded 1% the /bftance of the former] 
the glaſd confining It *: 

. At the ſame time that the wire and top of the 
bottle, &e; iy eledtriſed % /e or plus, the bottom of 
the bottle 1s eleftrifed wegarively or wings, in oxatt 
proportion 1 /, e. whatever quantity of electrical fire is 
thrown in at the top, an equal quantity Foes out of the 
bottom . To underſtand this, ſuppoſe the common 

uantity of electricity in each part of the bottle, be- 
bes the operation begins, 1s equal to 20 j and; at every 
| ſtroke of the tube, ſuppoſe a 2 equal ta 1 18 

thrown in; then, after the firſt ſtroke, the quantity 
contain d in the wire and upper part of the bottle will 
be 21, in the bottom 19. After the ſecond, / the Uppe 
part will have | 22, the lower 18, and ſo on; till, 
20 ſtrokes the upper part will have a quantity of Gets 
trical fire equal to 40, the lower part none: and then 
the operation ends for no more cun be thrown' into 
the upper part, when no more can be driven out of 
the lower part. If you attempt toi throw] more in. dt 
is ſpued back through the wire, or flies out in loud 
cracks through the ſides! of the bottle 

3. Tbe equilibrium cannot be — thai bottle 
by ixward communication or contact of the parts q but 
at muſt be _ __ Ne- Per wihoutthe 


» irn. e. t bltory 21 nab 2 Triton 919w 


re 


** * See "hls h pinion n ige ln wr IV. ' 16 and „ Te ke in he 
bottle was found" by ſubſequent riments Nr to'be aired itr tne non · 
electric, but in oe gt. 78. b Deo vnn 


1 What is ſaid here, and after, of N top and bottom of the dottle, is 
true of the n n and ſhould haye bern @ expreſſed. 


bottle 
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bottle between the top and bottom, by ſome | non-elec- 
trie, touching or approaching both at the ſame time; 
in which caſe it is reſtored with a violence and quick- 
neſs inexpreſſible; or, touching each * 
which caſe the equilibrium is reſtored by degrees. 

4. As no more electrical fire can be thrown. into 
the top of the bottle, when all is driven out of the 
bottom, ſo in a bottle not yet electriſed, none can be 
throym into the top, when none can get out at the 
bottom; which happens either when the bottom is too 
thick, or when the bottle is placed on an electric per 
E. ain, when the bottle is electriſed, but little of 
the electrical fire: can be drawn out from the top, by 
touching the wire, unleſs an equal quantity: can. at the 
ſame time get in at the bottom “. Thus, place an 
electriſed bottle on clean glaſs or dry wax, and you 
will not, by touching the wire, get out the fire 
from the top. Place it on a non electric, and touch 
the wire, you will get it out in n ſhort time; but 
ſooneſt when ee Aan wee ee as 
above.. 

80 iin are theſs, two Rates of Elpericity, 
the-$/ys' and mins, combined and balanced in this 
miraculous bottle ] fituated and related to each other 
in a manner that I can by no means comprehend ! If it 
were poſſible that a bottle ſhould in one part contain a 
yu we of air ſtrongly compreſt, a and in another part 

vacuum, we know the. equilibrium would be 
kan reſtored e. 1 more we wa bottle 


„ n Widay ROO 
eohtaining 
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containing at the ſame time a plenum of electrical fire, 
and a vacumm of the ſame fire; and yet the equilibrium 
cannot be reſtored between them but by a communi- 
cation without | though the plenum preſſes violently 
to expand, and the hungry vacuum ſeems to attract as 
violently in order to be filled. 

5. The ſhock to the nerves (or convulſion mther):i is 
occaſioned by the ſudden paſſing of the fire through. 
the body in its way from the top to the bottom of 
the bottle. The fire takes the ſhorteſt “ courſe, as Mr. 
Watſon juſtly obſerves : But it does not appear from 
experiment that in order for a perſon to be ſhocked, 
a communication with the floor is neceſſary: for he 
that holds the bottle with one hand, and touches the 
wire with the other, will be; ſhock'd as much, though 
his ſhoes be dry, or even ſtanding on wax, as other- 
wiſe. And on the touch of the wire, (or of the gun- 
barrel, which is the ſame thing) the fire does not pro- 
ceed from the touching finger to the wire, as is ſup- 
poſed, but from the wire to the finger, and paſſes 
through the body to the other hand, and ſo into the 
bottom of the bottle. 


EXPERIMENTS N the above. . 


EXPERIMENT. n 


l Place an electriſed phial on wax; a nal 1 
ſuſpended by a dry filk thread held in your Wen 


7 * Other circumſtunces being «qual, = 


F- 5 


0 5 


drought 


x6: New Experiment and © 


brought near to the wire, will firſt be attracted, and 
then repelled : when in this "ſtate of repellency; ſink 
your hand, that the ball may be brought towards the 
bottom of the bottle; it will be there inſtantly and 
ſtrongly attracted; till it has parted with its fire. 

If the bottle had a poſitive electrical atmoſphere, as 
well as the wire; an electrified cork would be repelled 


fre und as ll as n = _ 
8 ; 


EXPERIMENT "1" 


pls. . From A bent wind (a) Ricking | in the table, 
let a ſtnall linen thread (4) hang down within half 
an inch of the electriſed phial c Touch the wire 
of the phial repeatedly with your finger, and at every 
touch you will ſee tile thread inſtantly attracted by 
the bottle. (This is beſt done by a vinegar cruet, or 
ſome ſuch belly d bottle). As ſoon as you draw. any 
fire out from the upper part, by touching the wire, 
the lower part of * bouts draws s an W 171 96 
—— 15% 117 Ot 


NP ' 


EXPERIMENT III. 


Fis. A. Pik a „ W I lead, with which the 
bottom of the bottle j is armed (4) ſo AS, that bending 
upwards, its ring-end: may” be Jevel with the top or 

ring-end of the wire in the cork. (e] and at three or 
bur i hey « diſtance.” Then electriciſe the 8 and 
ace it 61 wax: If a cork ſuſpended by a filk thread 


(7) hang bet theſe two wires, it will play in- 
511 gl. 040 ceſſantly n 
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eeſſantly Wers one to the other, till the bottle is no 

ger dect that is, it fetches and carries fire 
rom the — ö the bottom “of the bottle, ws; the 
nn is reſtored. 


FR, EXPERIMENT iV. 


Fro. 3. Place an electriſed phial on wax; take a 
wire (g) in form of a C the ends at ſuch. a diſtance 
when bent, as that the upper may touch the wire of 
the bottle, when the lower touches the bottom: ſtick 
the outer part on à ſtick of ſęaling-wax (), which 
will ſerve as a handle; then apply the lower end to 
the bottom. of the bottle, and gradually bring the up- 
per end near the wire in the cork. The confequence 
is, ſpark follows ſpark till the equilibrium is reſtored; 
Touch the top firſt, and on approaching the bottom 
with the other end, you have a conſtant ſtream of fire 
from the wire entering the bottle, Touch the top 
and bottom together, and'the equilibrium will inſt antly 
be reſtored : the crooked wire forming the communi- 
cation. 


EXPERIMENT TY 


„FIG. 4: 'Let a ring. of thin, lead, or paper, ſurround 
a bottle (i) even at ſome diſtance from or above the 
bottom. From that ring let a wire proceed up, till it 
touch the wire of the cork (4). A bottle ſo fixt can- 

not 71 mays: means be electriſed: the Revs hap is 
Wird 

Nies ben the inſult the gas. 
= D never 
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never deſtroyed: for while the communication between 
the upper and lower parts of the bottle is continued by 
the outſide wire, the fire only circulates: what is 
driven out at bottom, is conſtantly ſupplied from t 

top“. Hence a bottle cannot be electriſed that is 
foul or moiſt on the outſide, if ſuch moiſture continue 
up to the cork or wire. | 


EXPERIMENT VEL. 


6 of wax, and preſent bim the 
wire of the electrified phial to touch, you ſtanding on 
the floor, and holding it in your hand. As often as. 
he touches it, he will be electrified pls ; and any one 
ſtanding on the floor may draw a ſpark from him. The 
fire in this experiment paſſes out of the wire into him; 
and at the OC PIER TROP REI into the bottom 

of the bottle. 


EXPERIMENT VI. 


Give him the electrical phial to hold; and do you 
touch the wire; as often as you touch it he will be 
electrified minus, and may draw a ſpark. from any one 
ſtanding on the floor. The fire now paſſes from the 
rr e 24 from him W — of the dane 


EXPERIMENT wm. 


15 two books on two glaſſes, back towards back, 
two or three inches diſtant. Set the electrified phial 


* Sce the preceding note, relating to tp and bottom. 


on 
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on one, and then touch the wire; that boek will be 
electriſied minus ; the electrical fire being drawn out of 
it by the bottom of the bottle. Take off the bottle, 
and holding it in your hand, touch the other with the 
wire; that book will be electrified plas; the fire paſ- 
ſing into it from the wire, and the bottle at the ſame 
time ſupplied from your hand. A ſuſpended ſmall 
cork-ball will play between theſe books till the equili- 


brium is reſtored. | 
EXPERIMENT M. 


When a body is, electriſed Sh it will repel politivel 
electrified feather, or ſmall cork-ball. When, minus {or 
when in the common. ſtate) it will attract them, byt 
ſtronger when minus than when in the een flare, 
the difference being creatar, 1% ver 1 lo 1 


EXPERIMENT 2Þ =: 


"Though, as in Experiment VE a man mag 8. Fr 
wax may be electriſed a number of times by- tedly 
touching the wire of an electriſed bottle (held in che 
hand of one -ftanding on the floor) he receiving the fire 
from the wire each time: yet holding it in his on 
hand, and touching the wire, though he draws & ſtrong 
ſpark, and is violently ſhocked, no electricity remains 
in him; the fire only paſſing through him, from the 
upper to the lower part of the bottle. Obſerve, before 
the ſhock, to let ſome one on the floor touch him to 
reſtore the equilibrium in his body; for in taking hold 
* the bottom of the bottle, he ſometimes oe 
D 2 e 
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lttle electriſed minus, which will continue after the 
ſhock, as would alſe any plus electricity, which he 
might have given him before the ſhock. For reſtoring 
the equilibrium in the bottle, does not at all affect the 
electricity in the man through whom the fire paſſes; ; 
that eng 18 neither increaſed nor diminiſhed, : 


og 
i 4 


Disc 


tl EXPERIMENT b. 


The paſſing of the electrical fire FL the upper to 
the lower part “ of the bottle, tog reſtate the equili- 
brium, is rendered ſtrongly viſible by the W 
pretty experiment. Take a book whoſe covering is 
filletted with gold; bend a wire of eight or ten inches 
Jong, in the form of (+) Fig. 5. ſlip it on the end of 
the cover of che book, over the gold line; ſo as that tlie 
ſhoulder of it may preſs upon one end of the gold 
line, the ring up, but leaning towards the other end 
of the book. Lay the book on 4 glaſs or wax +, and on 
the other end of the gold lines. ſet the bottle electriſed: 


then bend the. ſpringing wire, by preſſing it with a 


ſtick of wax till its ring approaches the ring of the 


bottle wixe, inſtantly there is a ſtrong ſpark and ſtroke, 
and thewhole line of Sold, whichcompletes the commu» 
Nication, between the top and bottom of the bottle; will 
appear a, viyid flame, like the ſharpeſt lightning. The 
n A ae Fernen the. Roper een 


1909 Ti 


TC + 
I K. 
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He ane or wax t neceſſary ac 
nt — * * . 2 not brought up 
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and thegolt at one end Vf the! "Ve, and beteten the 
bottom of the bottle and the old” at "the other end, "the 
better the experiment ſucteeds. The 7boji mould be 
darkened!" If you world Rave the vile filletting round 
the cover appear in fit at once, let the bottle And Alke 
touch tlie gold in N oppoſite eke oy 
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Fa. "= "ATP beets Mine rot BHGH dif Mock 
* if the electrified de eee de 
by-thechook, .and-the-coatmgritauch'd/with-theiothtr, 
a6 when held by the coating, and tot If at rtte Hock 
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51211. Hy Charg d phial ſafely by the hoc, and 
50 ne ee force, it aſt firſt be 
Ne ton Th ns 2 2 507 J 

ed as ſtrongly,, if held 

2185 ha ly'd. tg, ve globe or 

beer wen by. the Seating, and the , hook 


4. Jay the direchun of the electrical fire being dif- 
ferent in the charging, will alſo be different in the ex- 


ploſſon. Thel bottle charged through the hook, will 
be ed through the hook; the bottle — 


coating, and not otherways; for the fire muſt come 
out the ſame way it went 
. were equally 


Sf prove 
charged through 755 hooks, one in each hand: bring 
their hooks near each other, and no ſpark or ſhock. 
Will fellows © egeh - ho poſed. 
GE DAD Rod be. c oP the Teak 
down on — take it up by — hook, and apply 


its coating to the hook of the other; then there will 


be an exploſicn, and Be both bottles Mill be 
diſcharged. 
6. Vary 


the experiment, by charying two phials 
the 


coating: hold that bythe coatthy which was charged 
thieggh the hock; and that by the hook which was 


+; Apply: the heok-of the 
bred Sto it blori et laid belli Hel 913 tt 4 
Fennel non ra tt by 5 Ip ne ark 


4 last Rand; firm a conitmunicndion- from Iv 
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firſt to the coating of the other, and there will be no 
ſhock or ſpark. Set that down on glaſs which you 
held by the hook, take it up by the coating, and 
bring the two hooks together: a ſpark and ſhock will 
follow, and both phials be diſcharged. | 
- In this experiment the bottles are totally dikuargid, 
or the equilibrium within them reſtored. The abgund- 
ing of fire in one of the hooks (or rather in the inter- 
nal ſurface of one bottle} being exactly equal to the 
wanting of the other: and therefore, as each bottle 
has in itfelf the abownding as well as the wanting, the 
— and abounding muſt be equal in each bottle. 
See F. 8, 9, 10, 11. But if a man holds in His hands 
two bottles, one fully elefrified, the other not at all, 
and brings their hooks together, he has but Ralf a 
ſhock, and the bottles will both remain half electri- 
fied, the one being half ne ard the ther hal 
charged,” 7 Y 
7. Place ing: "rials TROY charged” on a ports 
five or fix inches diſtance. Let a cork - ball, ſuſpended 
by a ſilk thread, hang between them. 1f 'the-phials 
were both charged through. their hooks, | the'-eotk; 
when it has been attracted and repelled by the ene; 
will not be attracted, but equally repelled e the 
other. But if the phials were charged, -the one 
12 pee and . NN „rr coming, the 


L) © 4 ' 7 ICY 
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coating,. and another from the hook to 
„remove the latter communication 


"otherwiſe great part of ee will ay 


c 


3 em Eapenimetitdαỹ,ẽee 


ball, when it -is} repelled from one hook will be as, 
ſtrongly attracteth by the other; play, chiger ouſly: 
between them, fetchiug the electric 2 the one, 
and delivering it 4% the other. till both, phials ae 
nearly diſcharged, “ A od elsiflg 110d bus wollot 

8. When ve uſe the termscolutberging and diſtherging 


| the. phial, it istein compliance With cuſtom, and for 


want of others more ſuitable. Since we are pf opinion. 
that there is really mo more ęlactrical fire ind Sh phial. 
after what is ,called;its charging, than beforg, nor leſs 


after its. Aiſebargiag : excepting on the full Spark 
that anight-begiven, to, and taken from the mon: glectrie 
matter, if ſeparated from the bottle, which park may 
not be gqual.to.a five hundredth part of hat: ig called 
| the exploſion... | oft a togot eee egurindt bt 


For if, on the exploſion, the dlecteicab fre Came gut 
of cho bottle by one part, and, did not enter in agnin 
by another, then, if a man, ſtanding on Wax, and 


holding the battle in one, hand, takes the, ſpark by 


 tonghing)the., wire hook with the other, the bottle be- 


ing thereby | di/chorges, the man would be charged; on 
2 was loſt by one, would be found in the 
other, ſings; there way, no | way. or its eſcape: But the 
cont is true. viiglup d id 1253116 d 3009 vy W 
1-9-Belides, the phial.will.not auer What is, galled: a 


ge. unleſs as much, fire can g gutiof it oe, 
ya is thrown in by another, A phial gt be hap 


Rog on, Wax, or glaſs, « or hangir e prime 
a Is. unleſs a a, communication, he, ame 3 — 

SU ae off) mov? aten big gm? 
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o But ſuſpand two or more phials on the prime 
conductor, one hanging on the tail of the other; and 
a wire from the laſt to the floor, an equal number of 
turns of the wheel ſhall charge them all equally, and 
every one as much as one alone would have been. 
What is driven out at the tail of the firſt, ſerving to 
charge the ſecond ; what is driven out of the ſecond 
charging the third; and ſo on. By this means a great 
number of bottles might be charged with the ſame la- 
bour, and equally high. with one alone, were it not 
that every bottle receives new fire, and loſes its old 
with ſome reluctance, or rather gives ſome ſmall re- 
ſiſtance to the charging, which infa number of bottles 
becomes more equal to the charging power, ſo re- 
pets: the firs back again on the globe, ſooner ae 
portion than a ſingle bottle would do. 

l. br a-bottle is charged in the common way, 
its infide and ourfide ſurfuces ſtand ready, the one to give 
fire by the hook, the other to receive it by the coating: 
the one is full, and ready to throw out, the other 
empty and extremely hungry ; yet as the firſt will nor 
give out, unleſs the other can at the ſame inſtant receive 
in] ſo neither will the latter receive in, unleſs the firſt 
can at the ſame inſtant give out. When both can be 
done at once, it is en wh. Inconceiyable. quickneſs 
and wolence. : wavy by | 

1. 80 a Qrrait- foring chongh the pa PF does 
not agree in every particular) when forcibly bent, muſt, 
to reſtore itſelf, contract that fide Which in the bend- 
ing was extended, and extend that which was con- 
nn if either of theſe two operations be hindered, 

E the 


* 
| * 
, 
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the other cannot be done. But the -fpting is not ſaid 
to de alerg d with elaſticity when bent, and diſcharged 
n F r TO eh 


13 Glaſs, enn menen dis within its ſubſtance, 
always the ſame quantity of electrical fire; and that 'a 
very great quantity in proportion: ta ar maſs of glaſs, 
as ſhall be ſhewt! heteafter, © 

14. This quantiry, - proportioned to the gal, i 
firongly and obſtinately retains, and will have nei- 
dC abr'lef though it wilt Saſſer'=-thinge'to-he 
made in its paits and ſituation j i. x. wemay take away 
FEE 


ual into the other 
” age ro the the fcation,/of ehi-eldGrital fireie 
thus altered n the aſd 8 ſome has been taken 
from one ſide, and ſome added to tile other, it will 
not be at reſt or in its natural ſtate, till it is reſtoret 
to its original equality. And this reſtitution cannot 
be made through the ſubſtance of the glaſs, but muſt 
be done by a fon- electric e b e e 
out, from ſurface to ſurface.” - v3 21% 

16. Thus, r | 
of giving « a ſhock, is in the ©1.as renz; the non 
 eletries in contact with the two'furfaces, ſerving only 
to. give and receive to and from the ſeveral. parts of the 
— that is, Ann GRE COR MO: 
e other. 15 
ee This was endes hers be e allowing s- 
ner : Purpoſing to analyſe the electrified bottle, in or- 


c 
als, 
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glaſs, and drew out the cork and wire which for that 
purpoſe had been looſely put in. Then taking the 

bottle in one hand, and bringing a finger of the other 
near its mouth, a ſtrong ſpark came from the water, 
and the ſhock was as violent as if the wire had re- 
mained in it, which ſnewed that the force did not lis 
in the wire. Then to find if it reſided in the water, 
being crouded into and condenſed in it, as confin'd by 
the glaſs, which had been our former opinion, we elec- 
trified the bottle again, and placing it on glaſs; drew 
out the wire and cark as before; then taking up the 
bottle, we decanted all its water into an empty bottle, 
which likewiſe ſtood on glaſs; and taking up that other 
bottle, we expected, if the force reſided in in os water, 
to find a ſhock from it; but there was none. We 
judged then that it muſt either be loſt in decanting, or 
remain in the firſt bottle. The latter we found to be 
true; for that bottle on trial gave the ſhack, though 
filled up as it ſtood with freſh unelettrified water from 
a tea- pot. To find, then, whether glaſs had this pro- 
perty merehy as glaſs, or whether the form contri- 
buted any thing to it; we took a pane of ſath-glaſs, 
and laying 4t on the hand, placed a plate of lead on its 
upper ſurfacr; then electrified that plate, and bring- 
ing a finger to it, there was-a ſpark and ſhock. We 
then took two plates of lead of equal dimenſions, but 
leſs: than the glaſs by two inches euery way, and elec- 
triſied the glaſi between them, by electrifying the up- 
permoſt dead; then :ſeparated the glaſs from the lend, 
in doing which, what little fins might: be in the lead 
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electriſied parts with a finger, afforded only very ſmalj 
Pricking ſparks, but a great number of them might 
de taken from different places. Then dextrouſſy 
placing it again between the leaden plates, and com- 
pleating a circle between the two ſurfaces, | a violent 
ſhock enſued. Which demonſtrated the power to re- 
fide in glaſs as glaſs, and that the non - electries in con- 
tact ſerved only, like the armature of a loadſtone, to 
unite the force of the ſeveral parts, and bring them at 
once to any point deſired: it being te property. of a 
non: electric, that the whole body inſtantly receives or 
gives what electrical fire is _ to or takem: ed 
one of its parts. 723 
18. Upon this ive ads wine we allies an ee 
N conſiſting of eleven panes of large ſaſn- glaſs, 
armed with thin leaden plates, paſted on each ſide, 
placed vertically, and ſupported at two inches diſtance 
on ſilk cords, with thick hooks of leaden wire, one 
from each ſide, ſtanding upright, . diſtant -from each 
other, and convenient communications of wire and 
chain, from the giving ſide of one pane, to the rer 
ceiving ſide of the other; that ſo the whole might be 
charged together, and with the ſame labour as one 
ſingle pane; and another contrivance to bring the 
giving ſides, after charging, in contact with one long 
. wire, and the receivers with another, 'which two long. 
wires would give the force of all the plates of glaſs at 
once through the body of any animal forming the cir- 
cle with them. The plates may alſo be diſcharged ſe- 
paxately, or any "number together that is required. But 
| this machine is not much as not perfectiy an- 
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fwering our intention with regard to the caſe of 
charging, for the reaſon given, Sec. 10. We made 
alſo of large glaſs panes, magical pictures, and: felf- 
moving animated wheels, preſently to be deſcribed.  - 
19. 1 perceive by the ingenious” Mr. Watſon's laſt 
book; lately received, that Dr. Bevis had uſed, before 
we had, panes of glaſs to give a ſhock *; though; till 
that book came to hand, I thought to have communi- 
cated it to you as a novelty. The excuſe for mention- 
ing it here is, that we tried the experiment differently, 
drew different conſequences from it (for Mr. Watſon ſtill 
ſeems to think the fire accumulated on the non- electric that 
is in contact with the glaſs, p. 72) and, as far as we 
hitherto know, have — farther, t. | 

20. The magical picture is made thus. Having a 
large metzotinto with a frame and glaſs, ſuppoſe of the 
KING (God preſerve him) take out the print, and cut a 
pannel out of it near two inches diſtant from the frame 
all round If the cut is through the picture it is not 
the worſe. With thin paſte, or gum water, fix the 
border that is cut off on the inſide the glaſs, preſſing it 
ſmooth and cloſe; then fill up the vacaney by gilding 
the glaſs well with leaf gold, or braſs. Gild likewiſe 
the inner edge of the back of the frame all round, 
except the top part, and form a communication be- 
tween that gilding and the gilding behind the Ur e. 
EEE in ane a _ 3 r 5 
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up the gla, and pild the fore ſide eractiy over the 
back gilding, and when it is dry, cover it, by paſting 
on the pannel of the picture that hath been cut out, 
obſerving to bring the correſpondent parts of the bor- 
der and picture together, by which the picture will 
appear oi n piece, as at firſt, only part is behind the 
glaſs, and part before. Hold the picture horizontally 
by the top, and place a little moveable gilt crown on 
the king's head. If now the picture be 
electriſied, and another perſon take hold of the frame 
with one hand, fo that his fingers touch its inſide 
gilding, and with the other hand endeavour to take off 
the crown, he will receive à terrible blow, and fail in 
the attempt. If the picture were highly charged, the 
conſequence might perhaps be as fatal “ as that of 
high treaſon, for when the ſpark is taken through a 
quire of paper laid on the picture by means of a wire 
communication, it makes a fair hole through every 
theet, that is, through forty- eight leaves, — Aa 
quire of paper is thought :good//armour againſt the 
puſh of a ſword, n 
the crack is exceeding loud. The operator, who holds 
the picture by the upper end, where the inſide of the 
frame is not gilt, to prevent its falling, feels nothing 

of the ſhock, and may touch the face of the picture 
without danger, which he pretends is a teſt of mis 
loyalty.---If a ring of perſons take the ſhock among 
them, the experiment is called, The Conſpirators. 
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21. On the principle, in Sec. 7, that hooks . 
les, differently charged. will attract and repel di 
ferently, is made an electrical wheel, that turns 
conſiderable ſtrength. A ſmall upright ſhaft of 
paſſes at right angles through a thin round board, of 

about twelve inches diameter, and turns on a ſharp 


— — the ends moſt diſtant from 
the center, being about four inches apart. On the 
end of every one; a braſs thimble is fixed. If now 
the wire of a bottle electriſied in the common way, be 
brought near the circumference of this wheel, it will 
attract the neareſt thumble, and fo put the wheel in 
motion; that thimble;+in;paſſing by, receives a ſpark; 
and thereby being electrified is repelled, and ſo. driven 
forwards; white a ſecond being attracted, approaches 
the wire, receives a ſpark, and is driven after the firſt, 
and ſo on till the wheel has gone once round, when 
the thimbles before electriſied approaching the wire, 
inſtead. of being attracted. as they were at firſt, are re- 
pelled, and the motion preſently, ceaſes, But if ano- 
ther bottle, which had been charged through the coat- 
ing, be placed near the ſame wheel, its wire will at- 
— the thimble repelled by the firſt; and thereby 
double the force that carries the wheel round; and 
2 out the fire that had heen communi- 
cated 
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catedto--the! thimbles. by :the- firſt": bottle, but even 
robbing them of their natuzal quantity, inſtead- of 
being repelled. when they come again towards the firſt 
bottle, they are more ſtrongly attracted, ſu that the 
wheel mends its pace, till it goes with great rapidity 
twelve or fifteen rounds: in a minute, and with ſuch 
ſtrength, as that the weight of one hundred Spaniſh 
dollars with which we onte loaded it, did not ſeem in 
the leaſt to retard its motion. -This is called an 
electrical jacky and if à large fowl were ſpitted on 
the upright: ſhaft, it would be carried — before 
a fire with a motion fit for roaſting 
na. But this wheel, like thoſe driven by _— 
water, or weights, moves by d foreign force, to 

that of the bottles. The feikmoving» Wheel, — 
conſtructed on the ſame principles, appears'more f. 
priſing-/ Tis made of a thin round plate of window 
glaſs, ſeventeen inches diameter, well gilt on both 
ſides, all but two inches next the edge. TWO ſmall 
hemiſpheres of wood are then fixed with cement to 
the middle of the upper and under ſides; cen 
oppoſite, and in each of them a thiek ſtrong) wire 
eight or ten inches, long, which together make the 
axis of the Wheel. It turns horizontally on à point at 
the lower end of its axis; which reſts on a bit of braſs 
cemented within u glaſs ſalt-cellar. The upper 
its axis paſſes through a hole in a thin braſs plate 
cemented to a long ſtrong piece of glaſs, which keeps 
it ſix or eight inches diſtant from any non: electrie and 
has a ſmall ball of wax or —_ on its top, to 
N | | 0p 
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keon in the firen . Im a cirele dn the tabld bid ſip? 
ponts the wherlz axe! fixed-awelve. ali pitiaty of giaſs; 

at abtiut four inches diſtancey with a: chene th 
top.of each. Ouù the edge of thewheelis N H i¼-en 
ballet communicating by a wire with the gilding of tko 
upper ſurface uf the ueel ʒ and about ſix inchel from it 
isa another bullet communidating in dike manner with 

the under ſurface. When the wheel is to be charged by 
thecupper ſurface, a communibatior muſt be made 
from the under ſurfuce to the table. When: it well 
charged it begins to move tlie bullet neareſt to à pils 
lar moves towards the thirible um that pillar}: and paſi 
ſing by ele&rifies it, and then puſhes itithf from it 
the (ſucceeding bullet, which communidates With the 
other ſurface 'of the: glaſs;-more ſtrotigly'ittiadty.that 
thimble, on account of its being before cleRrified!by 
the other. bullet z and thus the wheelrenereaſes it mo 
tion till it comes to ſuch a height un thit thi reſiſtance 
of the air regulates itt. It will go half an our, and 
make one minute with another twenty turn in a mi. 
nute, which: is ſix hundred turm in the whole j ! the 
bullet of the upper ſurface! giving in each turn twelve 
ſparks to the thimblesy: Which makes ſeven thouſand 
two hundred ſparka: and the bullet of the under ſur. 
face receiving as many from the thimbles y:thoſe bullets 
moving in the time near two thouſand! five hund ted 
feet. The thimbles are well fixed, and an ſo e 
circle, that the bullets may paſs within a very ſmall 
diſtance of each of them yz If oſtead of two bullet 
you put eight, four — with the upper 


11 0% 


ſurface, . 


ſurface and four: with abe baker ſurface, placed alter- 
nately 3; which; tight,- at about ſix inches diſtance, 
completes the; circutnterence; the force; and fwiftneſs 
wall: em ancradfed;! the witeet making fifty turns 
in a minute hut then it will not continue moving fo 
long. [Wheels my be applied perhaps; to the 
ringing of chimte *c. tink moving af light-mate or- 

| nd d Gt ei bodw Str rod Wo Strut agus ont 
23, A ſmall wire hentcircularly; with à loop at 
each end ; let ane — U— 
heel and bring the other end near the upper 

| hen, line ater each and the force will 
| hog nant bean i asnrd 2 's vdl agent 
mo yes ſpark: im that manner drawn. from tlie 
ſurface of the wheel makes a round hole in the gild- 
iagl tearing off apart of it in coming out; which 
ſhews: that the fire i not aecumulated ow the gilding, 
but 18/1 in the glaſs itſelf!? $ (ut of emen lin nn 
> 25. Then giling being varniſhed over with turpen- 
tine varniſn the varni fi, though dry and hard, is burnt 
by the ſpark drain through it, and gives a ſtrong ſmell 
and viſible ſmoke. And when the ſparit isdrawnthro' 
paper, all raund the hole! made by it; the paper wall 
be blacked: by the ſmoke : which: ſometimes: 
ſeveral of the leaves. Parti oi the gilding torn off ĩs 
alſo; faundi fbreihly driven into the hole made in the 
paper-byithe ſtrok . 
ü av © in blog vum lind 0 18 vow 
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It ia amar ing to Sher vel in how Amal al portion 
— — defftricabforxceoanay/diovw Aigbth glat 
babies nbolst can inch dimmeter,, writzhingrony dat 

beimgiihalf⸗filhad with watch, part] ylgultion: dh 
purſitle;» and urn do a wirt hock, I/ when 
—_— as gnünt « hoikibeice wan kat well) hea) 
Ats::the: glaſs it thickeſt nearithelorifite) dohighpaſe dhe 
lower half, whichvbeing'gilt! ws! el d and gat 
thecſhock i didaotscacetd two, grants 3 foi 
hen hrolkon,- thuch/thinner thani the upper 
one uf theſe thin tiatttes bei act fre bi theo odating 
and-the-Cpark-taken out» through the gilding, vt wil 
break the glaf inwands, at the fan timocghav itrhraaks 
the gilding outwards. P 10! 20410598 oονννjꝭ,ůůjR x dlaigl wy 
:51ag And allowing (for the qaaſans)beforeogiten; 4 8, 
-960rob) that there! i no! nazecolaedtridal dircan iarbottle 
aſter: charging,/-than/:befors, bow great Huſtiche the 
emp this: fm portiqn of glaſa h rũthſemms ab if 
vwere of its very ſtihſtance und celſabce; Berchaps if 
that, duo quantity of ale bttica ine ſoſhſtinatelyn re 
tained / hy glaſttouild be: ſęparated fru ut. it world 
no longer be Bla; it mitzht late ite trariſparendy oor | 
its brittleneſs, or its elaſticity.---Experiments may poſ- 
ſibly be invented hereaftex, tg. diſovetr tand :- 

7275 * were ſurpriſed at the r wen in 

| play \ of Ack communi —— 
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of a circuit, would not conduct the, læaſt perceptiblo 
ſhbok; und indeed hen one wire was electriſied the 
other hardly ſhewedoany figns of its being in connec- 
on witltidt #50:Even/ a thoroughly wet packthread 
ſometiwon falls nf: conducting a ſhock, thoughit 
otherwiſe dohdufts electricity very welli A Ary cake 
of Ice nor lu idicie held butz / erri tw ir a circle; liel 
events the ſhock, which ne woald notexpett; 
Ae -wiltet conduct 16:0 perfectly well. -<Gildingion'a 


book, firſt it condhctai tha ſhock ww 
thouglu ãt appears otherwiſe. in all vrefpefty thi lame, 


which we cannot account for T. 15 Sttihlig ors 
8 Thereois ond experiment more quhich furpnſes 
u And fie not hitherto.fatis factorily: abcoumtedꝰ for; 
it is thiffoÞlare an irom ſhot ona gtaſa ſtandꝗ und iet 
a ball of dump cork; ſuſpended byral ſilk thread 
im contast with the ſhot- Take va» bottle» ino van 
hand, unc thut is oeclectrifieda through the hook, ::2he 
other through te coating: Apply nahe giving wire 
the (hot; which will electrifycit poſitmrigly,andtheicork 
Ae tem arent N 1% e ati 00 Slertalttrid fi 
7 Probally Wb öde, W erf MUMM od dil 
in 1905 9196 [501 £16 »» 
4 Is 18 ee 10 da wits h 
e eee e 
Ar 
e oc 
© a nuthber'sf interceptions in che line of gold., | 
bros! un 


911 


Obhſervutiamt om ELAcrIUr v. 37 


mall be repelled :- then apply the requiring wire, which 
will take out the ſpark given by the other; when the 
cork will return to the ſhot: Apply the ſame again, 
and take out another ſpark, ſo will the ſhot: be:eleftri- 
_ fed: and the cbrk in that caſe ſnhall be rt 
pelled equally as\before; Then apply the giving wire 
to the ſhot, and give the ſpark it wanted, ſo will the 
cork feturn: Give it Fry] 8 un addli⸗ 
tion, atural quantity, ſo" will the con de re. 
; d K wir o may 3 AIR | 
45 long as there is any” charge in the'b bottles. Wien 
hews,that, bodies, having.leſs than. the; comman.quan-- | 
rity of electricity, e other; as well us thoſe 
rz eee leq „ fs n i vel 1 1 [ . 
_ 5 hene thai we have been-hithertoable to 
od ut Bk * a D dnn 
pee 0 * Ss it is pr pro w put an 
ink for 3 ſomewhd;, humorgully, in 
a party of Pleaſure, on the banks of Stiyltil . Spi- 
rits, at the ſame time, are to be fired wg a ſpark ſent 
from ſide to fide. through the river, without any other 
conductor than the water; an experiment which we 
SHmg time ſince performed, to the amazement We . 


0 The tiver that Vadbes ons idk of Phidupbis, as (hs Dube does 
the other ; both are ornamented with the ſummer habitations of the citi- 


zens, and the agreeable manſions of the principal people of this colony, 

4 + As the poffibili of this experiment has not been eaſily conceived, 

al hee ders Ea about three feet long, were planted 
A n of the river, on the oppoſite ſides. , A thick piece of 
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OBSE RVATIONS and SUPPOSITIONS, 
towards forming a new HynoTas1s, for ex- 
Plaining the ſeveral menen 4 ha 
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Ten-xrrerxre W iet bare cleQuic fits 
thrown into them, will retain it till other 
on Eder that have leſs, approach; and then it is 
communicated by a ſnap, and becomes equally divided. 

2. Electrical fire loves water, is frrongly attracted 
by it, and they can ſubfiſt together 1 

3. Air is an electric per e, and when ur M ade 
conduct the electrical Hire; it will neither receive it, 
her give to other bodies; otherwiſe no body ſur- 

In alt, could be tleftrified poſitively and ne. 
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 gatively : for ſhould it be attempted poſitively, the 


air would immediately take away the overplus ; or ne- 


gatively, the 

4. Water being electrified, the vapours arifing from 
it will be equally electrified; and floating in the air, 
in the form of Fouts, or ert & Will aFtain that 
quantity of electrical fire, till they meet with other 
clouds or bodies not ſo much cleftrified, and then will 
communicate as before-mentioned,” - 

5. Every particle of matter electrified is repelled by 
every dither particle equally electrified. Thus the ſtream 
of a fountain, naturally denſe and continual, when 

electrif Aa, wil ſeparate and ſpread in the form of a 


| bruſh; Ie drop: endeavouring to recede from every 


other drop. But on taking out che electrical fire they 


cloſe again. 
6. Water being ſtrongly electrified (as well as when 


heated by common fire) riſes in vapours more co- 
piouſly z the attraction of coheſion among its. parti- 

cles being greatly weakened, by the at Ore: of 
repulſion, introduced with the eQtrical;fire N and when 
any, particle 1s, by any means HAR 

o flies into the air. 

7. Particles happening to be ſituated Fw, and B, 


more eaſily. di de held 
ons with 8 on each | 
in contact with nine. When, » far 1 00 


e Wat 
has the leaſt motion, particles are continually 1 
into the Raton repreſented, by A and J. wg > 
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8. Priction betweefl a o ee an an electric 
per ſe will produce electrical fire; not by h,] but 
 colleSing®it: forcitg d equally Aiffuſed in urIwWalls, 

floors, earth, and the whole maſs3lof commaoti matter. 
Thus the whirling «glaſs globep{ during its: fiction 
againſt the cuſhion, bdraws fire from the cuſſionp the 
cuſnion is ſupplied from the frame of Ihe mavhine;; 
that from the floor on which it ſtands. Cut off/ 
the communication by tlüick eglaſs or wan placed 
under the cuſnion; and no fir tan be producadibe-: 
cauſe it cannot beawliherdoinod tofte ee to matt, 

9. The ocean.is:a-qsmpound of water, -©inbn<elecs> 
trie and ſalt an lestric pere. f ee 

10. When there 15 akon asu the pares near 
its furface; the'ele@tricabfreiv'tolletted fromthe parts 
belowss It is then plainly viſible Vin 7the night or ap. 
peurs tat tel ſtern aud in the wah af every ailing vef- 
ſel; very daſti of d ow ems it{iandevedy ſutß and! 
ſprayi ini ſtormai ce whole fed fen on? fiveit Ther 
_ detach'd particles of water thewrepdled frotm tiru deu. 
trified ſurface; ciνG m carry qff ite freue It 18 
collected) they riſe and form wh, and there iclbuds: 
are highly electriſted 2 Eng 

of domU“‚lytifig it. "1 yroamr aft d: 
t. he of water viſing in vapour, dich 
themfiblves! td partichen oftrairyu2sd tit 1 een 
_ — articles of air are ſaid to be hard{t wund, 
diſtant from each other _ article 
3 — every! other pattiole; hereby they 
receds rom edel other) as far us 'cominom gravity wilꝰ 
permit i:: 9 1:1 oel of ui 20} 0 noting! 11 Intorgn 

(916979 B G 13. The 
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a prester diſtanec, whereby the triangles. ave dilated, 
and the air rides, carrying up with it the waer. 
0. I the particles of water bring with chem per- 
tions af hor ſorts ef fire, the repulſion: of the particles 
of iris Ol mare Rreogrbened and increaſed, and the 
triangles farther enlarged; - 
21; dhe panicle of A pin ſyrrounded by twelve 
particles of water of equal ſae with itſelf, all in con- 
tact with it; and by more added to thoſe. ant od; 
22. Particles of air, thus loaded, would be drawn 
nearer together by the mutual attraction of the par- 
ticles of water, dil not the fire, en NRA, 
23. If air, thus leaded, ho conan by. adverſe 
winds,” or by being driven again mountains, fc. or 
condenſed by taking away the fire that. aſſiſted it in ex- 
-panding; the triangles contra, the air with its water 
will deſcend as a iflew z- or, if the water ſurrounding 
one particle of air; comes in contact with the water 
ſurrounding amanher. they coalelee and form a drop. 
end wo have: rams: r dig erative 
24. The fun unde (or foems-o fapply). common 
fire to vapours, vchether raiſhd fram-earth.,or ſea. 
à. Thoſe wapours which haue both common and 
electridal fre in them, are better ſupported, than thoſe 
-which: have omly cammon fire in hem for- when 
vapouts riſe into the culdeſt region above the earth, 
te coli ö E ee Bars if it doth 
liv counts: offs mort 2228) 5080-18 4 510 183711 
91? + vihiwol 222829 bas yinthond eodick 27 ee a 
ativan G 2 2 26. Hence 


2/462 Bends clouds fbrmed 1 
freſh ene "within land, from growing vegetables, 
maiſt earth Gc. move ſpeedily and eaſtiy depoſite their 
Unter; having but little electrical fire to repel and keep 
the particles ſeparate? 80. chat the greateſt part of the 
water raiſed — the land] is let fall on the land 
again; ind winds blowing from the land to tlie ſea are 
dty; thére being Uttle uſe for rain on the ſea; ant to 
rob the land of its moiſture, in order to rain foul the 
fea, Vould not appear reaſonable. d bol 
27 But clouds formed by vapours rilfed roms che 
ha having both fires,” and — à great quan- 
ay, of the electrical, ſupport their water ſtrongly; raiſe 
it high, and being Mosel by winds, may bring it over 
the middle of the broadeſt eontinent from the middle 
of the wideſt ocean. 27m t yewe Init «d lahr 
238. He theéſe ocean clouds,” ſo ſtrongly ſupporting 
their water, are made to depoſite it on e ee 
it is wanted; is next to be conſi dere. 
29. IF they are driven by winds kgninſt tina, 
wol mountains being leſs electrified attract them, and 
on contact take away their, electrical fire (and. being 
cold, the eommen fire alſo j) hence the particles cloſe: 
towurde che mountains and towards each other. If 
_ - the air Was not much loaded; it only falls in dew om 
the mountain tops and ſides; forms Ipringe, and de- 
ſcende do the vales in rleulets which united; make 
flarger treame and rivers If much loaded; the elec- 
| ww fire is at once taken from the whole cloud) and, 
, N it, flaſhes brightly and cracks loudly; the 
* particles. 
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-anſtantly, coaleſelng fox, want of that fire, and 
Fang heavy ſhower,, - {6862 to Nun 
30. When à ridge of mountains thus dame the 
clouds; and draws — electrical fire from the cloud 
firſt: approaching it: that which next follows, when 
it comes near the firſt cloud, now deprived of its fire, 
flaſhes: Into it, and begins to depoſite its own water ; 
the firſt:cloud again flaſhing, into the mountains; 
the third approaching cloud, and all ſucceeding-ones, 
acting in the. ſame/-mannen;ag-far,. back ag they ex- 
tend, which. may be over , many;! WEE: ploy. of 
' copntrp7901 dee O62 Of gui! Find 5411 
21144 Ts! Hence the continual Morte ff . nts, 
and lightning on the eaſt ſide of the Andes,. Which 
running north and o ſouth, and, being vaſtly high, in- 
tercept all the clouds brought. againſt them from * 
Atlantic ocean hy the trade wings, and oblige. them. to 
depoſite their waters, by which the vaſt xivers Ana- 
Sn, La Plata, and Ordonoko are formed, which return 
(the water into the ſame; ſea, after Raving. eee A 
-country\ of very great ex tent. ot 26 ye of 2011 | 
ga If a countrybe plain, having e l to 
\intercept the eleQtified-cloudy, yet it is; nat, without 
means co make them depoſite . ; 1 F 
electriſied cloud coming: Kom- ihe us, meets in, the a 
a cloud raifed from the land, and therpfous! not; elec- 
triſted j the (firſt; Will flaſh its fire into the levtery and 
thereby both clouds, (hall be made ſuddenly to depoſite 
Water. all 10 Had 6 in OF Pf 1 15 5 Un 495 
1-44 The. lefrifiad) particles: of the Get cle, ele 
— | loſs. their / Are; the: particlys- of the other 
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55 clouds clo in recti wing it; in boch, they have thereby 
b opportunity of coaleſcing into Urops. «The con- 
alen or jerk given to the air, contributes alſo to 
ſhake down the witet not only from thoſe two clouds, 
but from others neur them. Hence the nnen of 
rain immediutely 2 of l 
os To ſhew this by un ee bs Kube two | 
pieces of see two inches diameter z from 
eds urtiference of each of them ſuſ 
dy fine ilk threads eighteen inches long, ' ſeven {mall 
balls of wood; or ſeven 'peas equal in goodneſs: fo will 
the balls appending to — 8 paſteboard, form equal 
equiliteral'triangles, one ball being in the center, and 
ſix at equal diſtances from that, and from each other ; 
and thus they repreſent of air. Dip both ſets 
in water, and ſome” adhermy to euch ball, they will 
repreſent ulr loaded.. Dexterouſly electrify one ſet, and 
its balls will repel each other to a greater diſtance, 
enlatying the tritingles. Could the water | ſupported 
by ſeven balls come into contact, it would form a drop 
or drops ſo heavy as to break thewwohefion it had with 
the balls, and ſe fall,” Let the two ſets chen repreſent 
two elbudls, the ene a [ſea cloud electriſidd, che other 
= land Woud Bring chem within the ſphere of attrac- 
tion, anf they will 'draw towards each other, -and-you 
Will ſee the ed balls eloſe thus; the firſt electri- 
fied ball that come near an UneleRrified -ball by at- 
traction jbins it, and gives it fire ; inſtantly they ſepa- 
rate, and each flies to another ball of its own. 
one to give, the other to receive fire; and ſo it Proceeds 
through” both 9 quick as to be inz manner 
| . inſtantaneous. 
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inſtantaneous. In the coheſion. they ſhake off and dron 
their water, which repreſents r 

36,% Thus when ſea, and land clouds would ba at 
two great a diſtance for the flaſh, they are attraRted 
towards each other till within that diſtance ; for the 
A e electrical artraftion is far beyond the diſtance 


; N 4 great. number of e duda from the fea 
meet a. number. of clouds. raiſed the land, the 


2 
ectr aſhes a to t parts 
1 e irs joflled yt by the hogs, 


or brgught, near by the h fee fa, Ji Wr ce con- 


tinue to give a 7 8 


e in 
N 4 purer el, (in eleftrical ur erg i 
Wy yn the eledirical Tj ou muſt approach it 
very near. py your. kn e Ju can draw a 
ſpark, Give. it more fire, and it will give a ſpark at a 
greater. diſtance, Two, Pl rels eg and. as 
5 1 755 will 8% a ſpark at a till greater dif- 
t it two gun batrels electrified will ſtrike at 
bes diſtance, and make a-loud ſnap, .to, what, a 
Aiſtance; may. 19,909 acres of elecrified cloud 
give” its, — aud bon loud mult: be that 


bs * Jie 1 hin U . 91 18, 94 
| 8 8 thing 1d he. x Sous at different 
hei oh wb which. ſhews. different 
e Þe the other. As the air be- 


N WR is. ria ſun, it caſes, the 
tae a e preſling into its 22 
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eee 52 paiis port 
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has no opportari! y before , ltr the (econ maß be 


n. * HT el 90] MISTY 549180 
39. Ae chrrentt 1 with 2 o clouds therein, daſs 
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paſin o_ 2 other may attract each other, und ſo 
enough fer th e eleftiical ſtroke⸗ And — 
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| Mete 708 im motif that" js, Where” 
| ae 3 
he zehtk of Wörtern rounriivs, 
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Pas motforf beginnihy in 
motion,” and leapih Stroh body” c. Hah „or from. 


begin pt the oft northern 
from tkente 
gf t ſeems to Thor” fro | 
ein the” 
RE * an 24 
tele db particle thiough the" afr. ende 8 ts 


ite "of Uglit ſeem yo ſhoot ſou oh 
N. een ven 
ae i t "the" Ke ze really f 
mort 
Fox, f the electrical fire is never viſible but wh on 


denſe bodies tis Unſcen. Wett a Wire m part of 
the circle, in che exploſion of the klectricnl] Mat 12 
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ſibly ; but in paſſing along a chain, it becomes viſible 
as it leaps from link to link, 1n paſling along leaf 
gülding it is viſible: for the leaf-gold is full of pores; 
hold a leaf to the light and it appears like a net, 
and the fire is ſeen in its leaping over the vacancies.--- 
And as when a long canal filled with ſtill water is 
opened at one end, in order to be diſcharged, the 
motion of the water begins firſt near the opened end, 
and proceeds towards the cloſe end, though the water 
itſelf moves from the cloſe towards the opened end: 
ſo the electrical fire diſcharged into the polar regions, 
perhaps from a thouſand leagues length of vaporiſed air, 
appears firſt where it is firſt in motion, i. e. in the 
moſt northern part, and the appearance proceeds ſouth- 
ward, though the fire really moves northward. This 
is ſuppoſed to account for the Aurora Boreaks. 
41; When there is great heat on the land, in a par- 
ticular region (the ſun having ſhone on it perhaps ſe- 
veral — while the ſurrounding countries have been 
ſcreened by clouds) the lower air is rarified and riſes, 
the cooler denſer air above deſcends ; the clouds in that 
air meet from all ſides, and join over the heated place; 
and if ſome are electriſied, others not, lightning and 
thunder ſucceed, and ſhowers fall. Hence thunder- 
guſts after heats, and cool air after guſts, the water 
and the clouds that bring it, coming from a _— a 
and therefore a cooler region. 2 
42. An electrical ſpark, drawn from an irregular 
body at ſome diſtance is ſcarce ever trait, but ſhows 
crooked and waving in the. air. 8e do the flaſhes of 
Wr the clouds oy very irregular bodies. 
,n H 43. As 


jf your cloaths were 
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413. As electrified clouds paſs: over a country, high 

| mils and high trees, lofty towers, ſpires, maſts f 
- ſhips,; chimneys, Ge. 48 ſo many neies and 
points, draw the electrical firgs! and the whylo doud 
diſcharges there. 

44. Dangerous, therefore, i is it to take ſhelter aber 
a tree, during a thunder-guſt,, It has been 1 
many, both men and beaſts. 

45. It is ſafer to be in the open field for, another 
reaſon, - When the cloaths are wet, if a flaſh in its 
way to the ground ſhould ſtrike your head, it may run 
in the water over the ſurface of your body ; whereas, 
dry, it would go through. the 
body, becauſe the blood and other humourg; contain- 
ing ſo much water, are more ready conductor s. 

Hence a wet rat cannot be killed by the exploding 

electrical bottle, when a dry rat may . 
46, Cominon fire is in all bodies, more or leſs, as 
well as electrical ire. Perhaps they may be different 
modifications af the ſame element ; or they may be 
different elements. The latter is by ſome, ſuſpected. 

47. If they are different things, yet they may and! 
do ſubſiſt together in the ſame body. 

48. When electrical fire ſtrikes through a ** it 
acts upon the common fire contained in at; and puts 
that fire in motion; and if there be a ſuſſicient quan- 
oy; of each kind of fire, the . will ſ be inflamed. 
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et dier r n bottle, containing about 2 quart. ' is inee 
pad os oft arg gi jw ment le ary mg | 
have killed bi, ed wet. 4H elooty ot+ r vial: 
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211 40 When the quantity of common fire in! the my 
10 ſmall: chte quantiry of the electrital fire (or che 
wich ſtoke) ſhould - be greater? if the quantity. wy 
common fire _y_ t, electrical fire ſuffices to _u 
adtelhctlmear N tndlorr = yd Myon my ol, 
zo. Thus ality tied de heads berote ws dm five 
them by che electrical ſpark . If they are ich 
| heated, ?a ſmall ſpark k/will*ds7"if tiot/ the ſpare muſt 
| de prectesi 100 ene; 04 5 51 100 ff off id biuow 
5e Tin rely WJ e te "warms vapout's ; 
but now. we can BerfyEMt@/ary rafin” And wheel we 
can procure greater electrical ſparks, We my de able to 
fire' not Only unwarm'd ſpirits, us Hghfing dots, but 
even wood,” by giving "RiMckent age 40 mn 
mon fire contained in it, as friction we know wills:! 
"2644 Sülpkurecus und: ittftsnmäbfe vapdiits arblin 
from the eurth yard esſily NiHdled- by AHght ring 
ſides What Uptfe ROW Ce earth, ſuck vnßcurs dre feft 
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fluid, as, well as fire, yet without heating it: ſo the 
electrical fire, or lightning, creating a violent repul- 
ſion. between the. n of nnn. 
the metal is fuſec 

54. If you would, by a vakant fire, melt off the 


* of a nail, which. is half driven into a door, the 
heat given the whole nail before à part would melt, 
muſt burn the board it ſticks in. And the melted part 
would burn the floor it dropped on. But if .a {word 
can be melted in. the ſcabbard, and money in à man's 
Fe bung, without: en uren . muſt 
be a cold fuſion “. 

55. Lightning rends dome baked! The electrical 
wack wall ſtrike a dals through.” a. Wire ef n 


IC If the 3 lehwing, Afgned in in' this: paper, 
be the true one, there ſhould be little thunder heard 


at ſea, far from land. And. accordingly. ſome old ſea- 


captains, of whom enquiry has been made; do affirm, 
that tho fact agrees perfectly with the hypotheſis; for 


that im eroſſing the great ocean,. they. ſeldom meet with 
thunder till they come into ſoundings; ang. chat the 


iſlands: far from the continent have very little of. it. 
And. a curious Obſerver, who lived 13 years at Ber- 
mudas, ſays, there was leſs. thunder there in that whole 
rr reps a month at 
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ADDITIONAL PAPERS. 
TO 


Pura CoLLINSON, "Eſq; F.R.S. London. © 
\018,' 1 
2 ſending 40 eur hbrary- 


ions how to uſgit ; and as our ho 

enabled us to carry thoſe experiments to a 
— height, by his generous preſent of a compleat 
electrical apparatus; tis fit that both ſho 
from time to time, what progreſs, we \make It was 
in this view / I wrote and ſent you my former papers 
on this ſubject, deſiring, that as I had not the honour 
of a direct correſpondence with that bountiful bens 


factor to our library, they might be communicated to 


him through. yaurs hands. In the ſame view; I write 
it happens to 
conſider. 


and end. you this additional paper- 
dring you nothing new, (which/may w 
ing the number of ingenious, men in; Bunge conti 
nually engaged in the ſame reſearches) at leaſt it WI 
ſhew; that the inſtruments put into our hands art 
not [neglected ;/\and that if no valuable diſcoveries ate 
made by us, Whatever the cauſe may beg. it is not 
N er e vu 
thun 9 r ah, Sit," „ nec $8 
lle 10 113k 01 a" yoult © (194136, dans yt 
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— ee Web 1749; 
— n to nzheiq woody it Ad died 1 
HRB electrital . cotifits; of particles 
d Hentremeſy ſubtile, ſmce it can [permeate 
eee even the denſeſt metals; with ſuch 
eaſe: df freedom as not to receive iny pereepible re. 


aa nue tel di eee b &.40 
0! pÞanxnone fhouldi doubt whether the ele cdi leu 
mattei thwvugh the ſubſtante of bodies, 108 only 


A r ſatfa ces, a ſhoclt from an elettri- 
fied darꝑe glaſt jar taken through his: own awd 
blyyootivincethim,e von 10. 19901 ade att 
1.4 :ENRAtital(mdcter- Miffors from conimon matter in 
üs thut the parts of the latteb mutually attrach, 
—— — repel bach other, Hauer 
| the para Wliverginey ifa ſtream of electrified as 
amn. Ty eien bas yvituba to daa. 
_ - 4+ But though the particles electrical matter do 
nepal each other, they 'are ſtrongly attracted 1. 1 
other rn Ham us! 
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3. From theſe three: things, the extreme ſubtilty of 
the electrical matter, the mutual repulſion of its parts, 
and the ſtrong attraction between them and other 
matter, arſe this effect, that, when a quantity of elec- 
trical matter is applied to a maſs of common matter, 
of any bigneſs or length, within our obſervation (which 
hath nat already got its quantity] it is ae my 
2qually diffuſed through the whole.n | 

6. Thus common matter is a kind of ſpunge.to the 
ele@rical fluid. | And as à ſpunge would receive no 
water if the parts of water were not ſmaller than the 
pores of the ſpunge ; and even then but lowly, if 
there were not 4 mutual attraction between thaſe parts 
and the parts of the and would iſtill imbibe it 
foſter, if the mutual attraction among the parts of 
the watar did not impede, ſome fore being required 
to ſeparate them; and faſteſt, if. inſtead of attraqtion, 
there were a mutual repulſian among thoſe parts, which 
wauld act 2 conjunction with the araction of the 
unge. 80 is the W. re [the cleckriaal and 
common matter. Id „Ie tron. gool 

7. But in common: matter erg is (ene) 9 
much of the electrical ast yrill; cantain within its 
bſtance. If more is added it lies ithaut / upon the 
urface, and forms what we gall an electrical atmaſ- 
Hharns and then the body is ſaid to be electfifed. 
. Tis ſuppoſed, that all Kinds of comman matter 

| 7 not attract and retuim the alactrigal, with equsl 
ſtreugth and force, for reaſons: to che given hereafter. 
Aud that thoſe called electric per. ft, . 


4 


&S 
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track and retain it engen and contain the greateſt 
antity, 
50 6 know that the electrical Huld is in common 
matter, becauſe we can pump it ow? by the globe or 
tuber We know that* common matter has near as 
much as it can-contain, becuuſe, when we add a little 
more to any portion of it, the additional quantity 
does not enter, but forms an electrical atmoſphere. 
And we know that common matter has not (generally) 
more than'it can contain, otherwiſe all looſe portions of 
it would repel each other, as they conſtantly do when 
have eleric atmoſpheres, 

10. The beneficial of this electric fluid in the 
creation we are not yet well acquainted with, though 
doubtleſs ſuch there are, and thoſe very conſiderable ; 
but we may ſee ſome pernicious conſequences that 
would attend a much greater proportion of it, For 
| had this globe we live oa, as much of it in proportion 
as we can give to a globe of iron, wood, or the like, 
the particles of duſt and other light matters that get 
looſe from it, would, by virtue of their ſeparate elec- 
trical atmoſpheres, not only repel each other, but be 
repelled from the earth, and not eaſily be brought to 
unite with it again; whence our air would continually 


be more and more clogged with foreign matter, and 


grow unfit for reſpiration. This afferds another oc- 
„ ee ee {ng pe TEN al 
things by weight and meaſure | fs. 3 

11. Ha piece of common matter be Lappochd as. 
ürely free from electrical matter, and a ſingle particle 
$5821 o_ | | | of 
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of dhe lutter be brought nighs it will be attracted, and 

enter the body, and take place in the center, or whore 

the uttractlon id every way equal If more particles 
enter, they take thelr places Where the balance is 
bqual between the attraction of the common matter, 
and their owtv mutual repulſton. Tis ſuppoſed” they 

form triangles, Whoſe ſides ſhorten as their ds 
enereaſes ; till the common matter has "drawn in fo 
many that its whole power of compreſſing thoſe tri- 

Angles by attraction; is equal to their whole power of 

vxpanding: themſelves by 'repulfiort z and then will Ne. 

of matter receive no more:. 

n When part of this natural proportion of ite 
triral fluid is taken but of a piece of common matter, 
the triangles formed by the/ remajnder, are ſuppbſed to 

widen by the mutual xepulſion of the n | 

| occupy the whole piece. 

z. When che quantity of electricaf fluid, taken 

from a piace of common matter; is reſtored again, it 


eiterszithe expanded triangles being ee 


| of wood or other matter, each having one natu- 


till chere is room for the whole! 
14. To explain this: take two apples, or teo balls 


rul quantity of the electrical fluid. Suſpend them b 
ſilk lines from the cieling. Apply the wire of a well 
charged vial, held'in — to one of them (A) 
Nie , and it will receive from the wire à quantity of 

the electrical fluid; but will not imbibe it, being al- 
ready full. The fluid therefore will flow round its 
ſurface, ** form an electrical — Bring 
AT 51 © et A 


Asche furface, of thitbad 


A into contact with B, and half the electrical fd is 
communicated, ſo that each has now an electrical at- 
mbſphere. and therefore they repel each other Take 
away theſe atmoſpheres, by touching the balls, and 
lids: them in their natural Nate: then, having fixed 
a ſtick of ſealing- wax to the middle of the vial to 
hold it by, apply the wire to A at the ſame time the 
coating touches B. Thus will a quantity of the ebec- 
trical Ad: be drawn out of B, and thrown om A.. 0 
that A will have 4 redundance gfo this fluid, which 
forms un atmaſphere round it; and Han exactiy ua 
deficiency. Now, bringe theſe balls again into contact, 
and the electrical atmoſphere will not be divided ibe- 
tern und B, into two ſmaller atmoſpheres? ds be: 
for i for B will drink up the whole ptmiofpliere of 
„and both will be found. again in _ natural 
te. ig vows N 
Ig. The form of thecelectrical dense that 
of the body it ſurroundei This ſhape may be rendered 
viſible im u ſtill ain hy raiſing a ſatohe from dry rofin 
dropt into a hot tea-ſpoon unden dhe ebe triſed hotl 
whith will be attracted, and ſprtad itſelf equiall: on 
all chdes,, covering and ,conceahng the body *. td 
this atm it takes, bdeauſk--it fis atttacted by all part 
y, Atheugh it renn not: iner 
bn ſubRarice already teplete,' Withous this attraſtion 
id would not remain round the bodyi bur dit pete is 
e +: didi Son Hier zud ; biult lolo os 
ei bn Won II, 91018151 bf. f ofT oi 5851 
yand tor 1 Fe 101 bak riot 
4 Fe: 1. 16. The 
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16, The atmoſphere of electrical particles ſurround- 
ing an electrified ſphere, is not more diſpoſed to leave 
it, or more eaſily drawn off from any one part of the 
ſphere than another, becauſe it is equally attracted by 
every part. But that is not the caſe with bodits of 
any other figure. From a cube it is morecaſily dran 
at the corners than at the plane ſides, and ſo from 
the angles of a body of any other form, and ſtill; moſt: 
eaſily from the angle that is moſt acute. Thus if a 
body ſhaped as A, B, C, D, E, in Fig. 8. be electrified; 
or have an electrical atmoſpbere communicated to it, 
and we conſider every ſide as a baſe: on which the: 
particles reſt,” and by which they are attracted, one 
may ſee, by imagining a line from A to F, and another, 
from E to G, that the portion of the atmoſphere in- 
aluded in F, A. E, G, has he dine A. E, fot it & baſis. 
So the portion af atmeſphere included in H, A, B. I. 

has the line A B ſor its baſis, And likewiſe dhe 
paortion indluded in K. B. Cd, gs B, C to eſtn 

on; and ſo on the other ſide A the, figure, N.] 
if. you Would draw off this atmoſphere with any 
blunt ſmocth bod, und aphroaah the midlle af dhe 
fide: A, B. yen muſt come very near, before the fore 
of;1 our atracter ercerds the- force of power - with 
earns — its at moſphore, But there in 
portion between I. B. K, that has leſs of the 
t reſt on; and. 4 be attuadted by, than the 
neighbouring gortions, while! at the lame time these 
is a mutuad repulhon beten its, particles, and the 


particles of. thaſa portions; chereſrt chere on get = 
q with more eaſe, or at a greater diſtance., 3 
+ ve I 2 IF 


* 


60 


* Ne. — TE * er $ - T0 ma | \ \ 


F, A H there isa larger portion that has yet a leſs 
ſurface” to reſt on and to attract it; here therefore 
you! can get it away ſtill more "eaſily." But eaſieſt of 
all between L, C, M, where the quantity is largeſt, 
and the ſurface to attract and keep it back the leaſt. 
When you have drawn away one of theſe angular 
portions of the fluid, another ſueceeds in its Mics; 
from the nature of flaidity, and the mutual repulſion 
before- mentioned; and ſo the atmoſphere continues 
flowing off at ſuch angle, like a Shading: tilt no more 
is remaining. The extremities of the portions of at- 
moſphere over theſe angular parts, are likewiſe at a 
greater diſtance from the eleArified body, as may be 
ſeen by the inſpection of the above figure; the point 
of the atmoſphere of the angle C, being much farther 
from C, nen other en s the atmoſphere over 
the lines C, B, or B, A: And, beſides the diſtance 
ariſing from the nature of the figure, where the at- 
— — is leſs, the particles will naturally expand to 
a greater diſtance by their mutual repulſion. On 
theſe accounts we ſuppoſe electrifled bodies diſcharge | 
their atmoſpheres upon unelectrified bodies more ea- 
ſily, and at a greater diſtance from their angles and 
points than from their ſmooth ſides.Thoſe points 
will alſo diſcharge. into the air, when the body» has 
too great an electrical atmoſphere, without 
any non-cleAric near, to receive what is thrown off: 
For che air, though an electric per ſe, yet has always 
more or leſs” water and other non- electrie matters 
mixed with it? and theſe attract and Aenne ſo 
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52 face retain their atmoſphere with four times the force 
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17. But points have a property, by which they dra 
on as well as throw off the electrical fluid, at greater 
diſtances than blunt bodies can. That is, as the pointed 
part of an electrified body will diſcharge. the atmoſ- 
phere of that body, or communicate it fartheſt to an- 
other body, ſo the point of an unelectrified body will 
draw off the electrical atmoſphere from an electrified 
body, farther than a blunter part of the ſame unelectri- 
filed body will do. Thus a pin held by the head, and the 
point preſented to an electrified body, will draw off its 
atmoſphere at a foot diſtance; where, if the head were 
preſented inſtead of the point, no ſuch effect would 
follow. To underſtand this, we may conſider, that if 
a perſon ſtanding on the floor would draw off the elec- 
trical atmoſphere from an electrified body, an iron crow 
and a blunt knitting-needle held alternately in his 
hand, and ' preſented for that purpoſe, do not draw 
with different forces in proportion to their ; different 
maſſes. For the man, and what he holds in his hand, be 
it large or ſmall, are connected with the common maſs 
of unelectrified matter; and the force with which he 
draws is the ſame in both caſes, it conſiſting in the dif- 
ferent proportion of electricity in the electriſied body, 
and that common | maſs. But the force with which 
the electrified body retains its atmoſphere by attracting 
it, is proportioned to the ſurface over Which the par- 

ticles are placed; i. e. four ſquare inches of that ſur- 


that one inch retains its atmoſphere. And. as 
in plucking the hairs from the horſe's tail, a degree of 


1 — 
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could yet eaſily ſtrip it hair by hair; ſo a blunt body 
ted cannot draw off a number of particles at 
once, but a pointed one, with no toy force, takes | 
them away eaſily, particle by particl 
18. Theſe explanations of the — nd . 
of points, when they firſt occurred to me, and while 
they firſt floated in my mind, appeared perfectly ſatis- 
factory; but now I have written them, and conſi- 
dered them more cloſely, I muſt own I have ſome doubts 
about therm; yet, as I have at preſent nothing better 
to offer in their ſtead; I do wh. croſs them out: for 
even a bad ſolution read, and its faults diſcovered, has 
often given riſe to a good _ ——— . 
8 us reader: 
109. Nor is it of much nes us, acne 
the manner in which nature executes her laws; it is 
enough if we know the laws themſelves. It is of real 
uſe to know that china left in the air unſupported will 
fall and break; but 50 it comes to fall, and why it 
breaks,” are matters of ſpeculation.” It is a pleaſure 
indeed to know them, but we erer ahi 
without it. Inode due od MSc or; 
20. Thus in the preſent caſe, — 
points may poſſibly be of ſome uſe to mankind, though 
we ſhould never be able to explain it. The following 
;\ vs well as thoſe in my firſt paper ſhew 
this power“ Ihave a large prime conductor, made of 
ſeveral thin” ſheets of clothier's puſteboard , formed 
into a tube near ten feet and a foot diameter; 
It is covered with Dureb emnboſsd paper, almoſt to- 
— a> 


Is 19) greater 
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greater electrical atmoſphere than a rad of iron of 50 
times the weight would do. It is ſuſpended by alk 
lines, and when charged will ſtrike at near two inches 
diſtance, à pretty hard ſtroke, fo as to make ones 
knuckle ach. Let a perſon ſtanding, — 
ſent the point of a needle at 12 or mote inches diſtance 
from it., and while/the needle is ſo preſented, the con- 
ductor cannot be charged, the point drawing oft - the 
fire as faſt as it 180 town on by the alectrical globe. 
Let it be charged, andi then preſent; the point at the 
lame diſtance, and it will ſuddenhj be diſcharged. In 
the dark you may ſee the light on the pcint, hen the 
experiment: is made. And if the ꝓtr ſom holding the 
ꝓdint ſtands upon Wan, he will be: eleftrified ↄhy ve- 
ceiving tho fire. at that idſtande. Attempt to draw off 
the elettrieity With va blunt body, ni bolt) of iran 
round at the end and ſmooth (A ſilerſmithis tin 
punch, inch thiek; ia hat L uſes) andlq ou muſtꝭ bring 
it within the-diſtance of thres inches befor yo nn d⁰ 
AAA rn crack. A 
Hangs ioo on talk Lines when | 


ſtntedo asd hafore l it . Jevots again{>for the pwunt di- 
charges: it. 2/Take:diparot latte biaſes foalds, ff two 
evinbrd feet beam; the cord af cthe dſcales being dat. 
Zuſpemd the beam by 2x1 packotchread from the cinling 
Joithat they hattumi di the ſcales muy be about 2 fut 
from the: ſloor: he ſcales will /mwoverrawand i a. cirnir 
1 . of — 


« 1131859 


ima former paper; ctbis:paſteboazd tube and theſe ſcales 
 iiby: repreſent -eſeQuified chomds. If a tube ob-0nly 
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punch Ankle du aperriths fivdcyrits a fuch-wplace as 
Mat tlic fcales may:pakk over n in makhig their circle: 
Then ele&rifycone ſtale, by applying! the wire of a 
charged phial to ib. As they move ronnd, you | ſte 
that ſcale draw nigher to the floor / and dip more when 
it comes over the punch; and if that de placed ata 
tliſtance / the ſcale will ſnap and diſcharge itt 
Fire tom. But if a needle be ſtuck on the end of the 
punch its point upwards, tho ſcale; inſtead of draw- 
ang nigh: to; the punch, and ſnapping, diſcharges ite 
fire ſilentiy through tthe point and riſes higher from 
the punch,” Nay, even if the needle be placed: upon 
the floor near the punch, its point up ward the end 
of tlie punch, 'thoughiſo much higher than>theineedle, 
will / not attract: the ſcale and receive its fine, for the 
_ needle will get it and conveyi t away, before t comes 
nigh enough for the punch totact. And this is con- 
ſtantly obſervablo in (theſe experiments, that the greater 
quantity of electricity on the paſtebbard! tube, the 
farther it ſtrikes orf fliſcharges its fire, and the point 

likewiſe will draw: it off at a full greater diſtancee 
Now if the fire of electricity and that of lightning 
be the ſame, as:4; have endeavaurd to ſhewat large, 


ten feet long will ſtrike and diſcharge its firezon the 
pimch:iat two or thiee inches a diſtance, an» electrified 


doud of perhaps 10000 acres may ſtrilit and diſ- 


charge on the earth at a propòrtionabhy greater! diſ- 
tance. The horizontal motion of the ſcales dver the 


floor, may reprtſent the motion of . 3 


Ant. in 
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earth; and the eredt iron punch, a hill or high build- 
ing; and then we fee bow electrified cloud paſſing 
over hills or high buildings at too great a height to 
ſtrike, may be attractod lower till within their ſtriking 
diſtance; And laſtly, if a needle fixed on the punch 
with its point uptight, or even on the floor below 
the punch, will draw the fire from the ſcale ſilent 
at a much greater than the ſtriking diſtance,” and 
prevent its deſcending towards the punch jor: if in its 
courſe/it would have come nigh enough to ſtrike, yet 
being fieſt deprived of its five it cannot, and the punch 
is thereby - ſecured from the ſtroke. I ſay if-theſe 
things are ſo, may not the knowledge of this power 
of — — in preſerving houſes, 
churches, ſhips, &c. from the ſtroke of lightning, by 
directing us to fix on the higheſt parts of thoſe edi- 
— — made ſharp as a needle, 
and gilt to prevent ruſting, and from the foot of thoſe 
_ rods'a wire down — outſide of the building into the 
ground, or down round one of the ſhrouds of a ſhip, 
and down her ſide till it reaches the water? Would 
not theſe rods probably draw the electrical 
fire ſilently out of a cloud before it came nigh enough 
to- ſtrike, and thereby ſocute us trom that moſt ſudgen 
and terrible miſchief ? | n tenen 
21. To determine the queſtion, whether:the-eloude 
that contain lightning are electrified or not, I Would 
propoſe an experiment to be tried where it may be 
done conveniently.” On the top of ſome high tower 
rr R place a kind-of en (as in FIG. 9.) 

| big 
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dig enough to contain a man and an electrical ſtand. 
From the middle of the ſtand let an, iron rod riſe and 

paſs bending out of the door, and then upright 20 
or zo feet, pointed very ſharp at the end. If the elee- 
trical ſtand be kept clean and dry, a man ſtanding on- 
it when ſuch clouds are —— low, might be elec- 
trified and afford ſparks, the drawing fire to him 
from a cloud. If any danger to the man ſhould be 
apprehended (though I think there would be none) 
let him ſtand on the floor of his box, and now and 
then bring near to the rod the loop of -a Wire that 
has one end faſtened to the leads, :he:;holding it by a 
wax handles ſo the ſparks, if the rod is electrified, 
— the rod to the wire, and not affect 

ANTTONRH 3 4 Mad mini} af it. 22 Ain 

aa, Before I leave this ſubject, of lightning, L may 
mention ſome other ſimilarities between the the eee e 
that, and. thoſe of electricity. Lightning botaoſies 
been known to ſtrike people blind. A,pigeon-thative 
ſtruck dead to appearance: by the, electrical ſhook, re- 
covering life, drooped about the yard ſeveral days, 
eat nothing, though erumbs were thrown toit, but 
declined and died. We did not; think of ite being 
deprived of ſight ; but afterwards n pullet truck, dead 
in like manner, being recovered. by repeatedly blow- 
ing into ite lungs, When ſet down on the floor, ran 
headlong againſt the wall, and on examination ap- 
peared perfectly blind. Hence we concluded that the 
pigeon alſo had been abſolutely blinded; by the ſhock. 


The biggeſt. animal we. wk yet killed, or tried +4 
yid | , 
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kill, with the electrical ſtroke, was a well- grown 


oy hlog 0 qi sse u tzgu wor do bre 
23. Reading in the ingenious Dre Ailærs account of 
the thunder ſtorm at Stretham, the effect of the light- 
ning in ſtripping off all the paint that had covered a 
of a pannel of wainſcot, without hurts 
ing the reſt of the paint, I had a mind to lay a coat 
of — filletting of gold on the cover of a 
book, and try the effect of a ſtrong electrical flaſli 
ſent through that gold from a charged ſheet of glaſs, 
But having no paint at hand, I paſted a narrow ſtrip 
of paper over itj and when dry; ſent the flaſn through 
the-gilding, | by which the paper was torn off from 
end to end, with ſuch: force, that it! was broke in 
ſeveral places, and in others raucht away patt of the 
grain of the Turky-leather in which! it was bound; 
and convinced me, that had it been painted the paint 
would have been ſtript off in — with 
that on the wainſcot at Strrtha mm 
24. Lightning melts metals, — hinted in m 
paper on that ſubject, that I ſuſpected it to be à cold 
fuſion; I do not mean a fuſionm by force: of cold, but 
u fuſion without heat. We have alſo m gold. 
ſilyer, and copper, in ſtmall quantities, by the e _ 
cal flaſh. i The manner is this: Take leaf gold, leaf 
ſilver, or leaf gilt copper, commonly called. leaf braſs, 
or Dureh gold; cut off from the leaf long narrow 


ſtrips, the breadth of a ſtraw; goa BUR of theſe trips 
lot 110% t OQ wwall Ii bia win ow WY hav 1 
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between two ſtrips of ſmooth glaſi that are about, the 

width of your finger. If one ſtrip of gold, the length 
of the leaf, be not long enough for the glaſs,” add 
another to the end of it, ſo that you may have à little 
part hanging out looſe at each end of the: glaſs. Rind 
the — glaſs! together from end to end with 
ſtrong filk thread; then place it fo as to be purt of 
| — (the ends of gold hanging out 
being of uſe to join with the other parts of the cir- 
uit) and ſend the flaſh through it, from a large elec- 
triſied jar or ſheet of glaſs. Then if your ſtrips of 
glaſs remam whole, you will ſee: that the gold is 
miſſing in ſeveral places, and inftead of it a metallic 
| tain on both the glaſſes y the ſtains on the upper and 
under glaſt exactly ſimilar in the minuteſt ſtroke, as 
may be ſeen by holding them to the light; the metal 
appeared to have been not only melted, but even vitri- 
filed, or otherwiſe ſo driven into the pores! of the 
glaſs, as to be protected by it from the action of the 
ſtrongeſt Agua Fortis, or Aque Regia. I ſond i you en- 
cloſed: two little pieces of glaſs with theſe metallic 
ſtains upon them, which cannot be removed without 
taking part of the glaſs with them. Sometimes the 
ſtain ſpræads a little wider than the breadth of the 


cloſeiy ou may obſerve in theſe. Sometimes the glaſs 
breaks to pieces; onte the upper glaſs broke into a 
I ſend you were ſtain d with Dutch gold. True gold 
makes a darker ſtain, ſomewhat reddiſh ; filver, a 


a _ : * 8 0 
ay > > rt „ 
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brighter at the edge, as by inſpecting 


a 


and driven otf; and it will ſeldom conduct above one 
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ſtain. We once took two pieces of thick 
looking-glaſs, as broad as a Gunter's ſcale, and ſix 
inches long ; and placing leaf gold between them, put 
them between two ſmoothly-plain'd pieces of (wood, 
and fix d them tight in a book-binder's ſmall-/prefs z 
yet though they were fo. cloſely ' confined, the force 

of the electrical ſhock. ſhivered the glaſs into many 
pieces. The gold was melted, and ſtain d into the 
glaſs,” as uſual. The circumſtances of the breaking 
of the glaſs differ much in making the experiment, 
and ſometimes it does not break at all: but this is 
conſtant, that the ſtains in the upper and under pieces 
are exact counterparts of each other. And though I 


have taken up the pieces of glaſs between my fingers 
immediately after this ng, mm — R9 


wy leaft warmth in them. 

295. In one of — —ag—e/ Fihentioned; that 
gilding on a book, though at firſt it communicated 
the ſhock perfectly well, yet failed after a fow n 
ments, which we could not account for. We 
fince found that one ſtrong ſhock breaks the continuity 
of the gold in the filletting, and makes it look rather 
like duſt of gold, abundance of its parts being broken 


ſtrong ſhock. Perhaps this may be the reaſon: When 
chere is not a perfect continuity in the cirruit, the 
fire muſt leap over the vacancies: There is a certain 
nn able to deap over acbording to its 


diſtance 
— u number of © {mall vacancies, —_ 
+ Hg 2 eee eee thee" 
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tande; it cannot on homo anü / ſo the ſhock ig 
prevented. Neun 1 ug bod Mal; g- Na! Joo 
11/26, From the dale chenden dam of electricity, 
that points as they are more or leis acute, draw on 
and thru off the electrical fluid with more or leſs 
power, and at greater or loſso diſtances, and in larger 
or ſmalleri quantities in the ſame time, We may ſee 
how to account for the fituation of the leaf of gold 
ſuſpended between two plates, the upper one conti- 
. lest mifted tha under one in a (perſon's a0 hund 


trified, the leaf is — hoy: \raiſed=townrda.it; 
and would fly. to that plate, were it not for its own 
points. The corner that happens to be uppermoſt 


when the leaf is riſing, being a ſharp! point from the 
extreme thinneſs of the gold, draws and receives at 


a diſtance a ſufficient--quantity of the electric fluid to 
give itſelf an electric atmoſphere, by which its pro- 
greſs to the upper plate is ſtopt, and it begins to be 
repelled from that plate, and would be driven back to 
the under plate, but that its loweſt corner is likewiſe 
2 paint, and throws off or diſcharges the overplus oi 

theloleaf s atmoſphere, as faſt as the upper corner 
dravvs it on. Were theſe two points perfectly equal 
in tenteneſs, the leaf would take place exactly in the 
middle. ſpace, for its weight isa trifle compared to 
the; power; acting on it: But it is generally neareſt 
the cuneleirified plate, becauſe, when the leaf is of- 
fered to the electriſied plate natia diſtance, the ſharpeſt 
point id — elk Cs en 
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it Wits that point, from its greater acuteneſo, receiving 
the fluid faſter than its oppoſite can diſcharge it at 
equal diſtances, it retires from the electriſied plate, 
and draws nearer to the unelectrified plate, till. it 
comes to a. diſtance; where the diſcharge can be 
unky equal to the receipt, the latter being leſſened, 
and the former encreaſed ; and there it remains, as 
long as the globe continues ito ſupply freſh electrical 
matter. This will appear plain, when the difference 
of dcuteneſs. 1 in the corners is made very great. Cut 
a piece of , Dutch gold, (which is fittaſt for theſe, ex- 
periments on account of its greater ſtrength) into the 
form of F16, 10. the upper corner a:right angle, the 
two next obtuſe angles, and the: Joweſt, a very acute 
one ; and bring this our plate under the elerafied 
plate in ſuch a manner as that hei right · angled part 
may be firſt raiſed (Which is done by covering, the 
acute part with the hollow of you hand) and yu 
will ſet this leaf talle place much [nearer to the up+ 
per than the under plates, becauſe without, being 
neanerp it æannot receive ſo faſt at its rig t- angled 
point, as it: can diſcharge at its acute one. T urh, this 
leaf with the acute patt nppermoſt, and then it takes 
place neareſt the unelectrified plate; becauſe, other- 
wiſeg:it receives fuſter at its acute point, than! it-can 
diſcharge at its rightrangled one. Thus the difference 
of diſtance is always proportioned to the difference of 
acuteneſs Take care in cutting your leaf, to leave no 
little: ragged particles ons the: edges, Which ſametimes 
from points where your-would-not-have them, Lou 
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may make this Ggure fo ncutu delow, and blunt 
| Ubeve; us to need no under plate, it diſchatging faſt 
eibugh into the air. When mit is made narrower, as 
the figure between the pricked lines, we call it the 
. Ovides 'Fijb, from ite manner of acting. For if you 
take it by the takl} and hold it at a foot or greater 
horizontal diſtance from the prime conductor, it will 
when let go, fly to it with a briſk but wavering mo- 
tion, Rke that of an eel through the water; it will, 
then take place under the prime conductor, at perhaps 
a quarter or Half an inch diſtance, and keep a con- 
tinual of its tail like a ſiſu, ſo that it ſeems 
animated; Turn its tail towards the prime conduc- 
tor, and then it flies to your finger, and ſeems to 
nibble it! And if you hold al plate under it at fix 
or eight inches diſtance, and ceaſe turning the globe, 
hen the electrieal atmoſphere of the conductor 
grows ſmall, it will deſcend to the plate and ſwim 
baek again ſeveral times with the ſame fiſt - like mo- 
tion, greatly to the entertamment of ſpectatort- By 
a little practice in blunting or ſharpening the heads 
or tails of — tn þ og — make: 2 
— 


MG acme — Sugpae not- pr hut 
the electrical fluid with equal ſtrength; and that 
thoſe called. eleftrics/ per /6,/ as glaſs, -&c; attract and 


retain it ſtrongeſt, and contain the greateſt quantity, 
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being contrary to the hitherto: received opinion; and 
therefore I ſhall: now endeavour to explain it. 

28. In order to this, let it firſt be conſidered, that 
we cannot by any means we are yet acquainted with, farce 
the electrical flud through glaſt. 1 know it is commonly 
thought that it eaſily pervades glaſs; and the experi- 
ment tof a feather ſuſpended by a thread, in a bottle 
| hermetically ſealed, yet moved by bringing a, rubbed 

tube near the outſide of the bottle. is alledged to 
prove it. But, if the electrical fluid fo eaſily pervades 
glaſs, how does the vial become charged (as we term 
it) when we hold it in our hands? Would not the 
fire thrown in by the wire, paſs through to our hands, 
and ſo [eſcape into the floor? Would not the bottle 
in that caſe be left juſt as we found it, n as 
we know a metal bottle ſo attempted to be charged 
would be? Indeed, if there be ih leaſt crack, the 
minuteſt ſolution of continuity in the glaſs, though 
it remains ſo tight that nothing elk we know;of will 
pals, yet the extremely ſubtile electric fluid flies thrqugh 
ſuch a crack with the greateſt freedom, and ſuch a 
bottle we know can neyer be changed: What then 
makes the difference between ſuch a bottle and one 
that is ſound, but this, that the fluid ae Ned 
the one, and not through the other? 

29. It is true, there ig an experiment 
ſight. would be apt to t) a fight, obſerver, that the 
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fire thrown into the bottle by the wire, does really 
paſs through the glaſs, It is this? place the bottle on 
a glaſs ſtand, under the prime conductor; ſuſpend a 
bullet by a chain from the prime conductor, till it 
comes within a quarter of an inch right over the wire 
of the bottle; place your knuckle on the glaſs ſtand, 
at juſt the ſame diſtance from the coating of the bot- 
tle, as the bullet is from its wire. Now let the globe 
be turned, and you ſee a ſpark ſtrike from the bullet 
to the wire of the bottle, and the ſame inſtant you ſee 
and feel an exactly equal ſpark ſtriking from the coat- 
ing on your knuckle, and ſo on, ſpark for ſpark. This 
looks as if the whole received by the bottle was again 
diſcharged from it. And yet the bottle by this means 
is charged 1 And therefore the fire that thus leaves 
the bottle, though the ſame in quantity, cannot be 
the very ſame fire that entered at the wire; for if it 
were, the bottle would remain uncharget. 


30. If the fire that ſo leaves the bottle de nor the _ 


fame that is thrown in through the wire, it muſt be 
fire that ſubſiſted in the bottle, (that is, in the glaſs 
of the bottle) before the operation began. 

31. If ſo, there muſt be a great quantity in Oy 
686 a great quantity is rus e even Wen 
very thin glaſs. *' 

- 32. That this clerical Aaid or fire is ent at- 
tracted by . we know from the quickneſs and vio- 
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lence with which it, is reſumed by the part that had 
been deprived of it, when there is an opportunity. 
And by this, that we cannot from a maſs. of glaſs, 
draw a quantity of electric fire, or electrify the Whole 
maſs minus, as we can a maſs of metal. We cannot 
leſſen. or increaſe its whole quantity, for the quantity 
it has it holds; and it has as much as it can hold. 
Its pores are filled with it as. full as the mutual repel- 
lency of the particles will admit; and what is already 
118 refuſes, or ſtrongly. repels, any additional quan- 
Nor have we any way of moving the electrical 
glg in glaſs, but one; that is, by covering part of 
the two. furfaces of thin glaſs with non-· electrics, and 
then throwing an, additional quantity of this fluid on 
one ſurface, which. ſpreading. in the non: electric, and 
being bound by it to that ſurface, acts by its repelling 
force on. the K of, the electrical fluid contained 
in the he other rface, and drives them out of the. glaſs 
into the 8 on chat fide, from whenge they 
are diſcharged, and then th added, on the charged 
ſide. can enter. But en. This is donę, there; is ng 
ore in the glaſs, nor leſs itlian before, juſt, as, much 
=; left it on ane ſide as it a on the other. 
4870 ſd. 8 We e 8 and doubt much 
9 a 
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being 60 underſtood. Now, I ſuppoſe, that lach i 
its firſt principles, and in the furnace, has no more of 
this electr. Waden fluid than other comme matter: That 
when it is blown, as it cools, and the particles of com- 
mon fire leave it, its ports become d vacuum: That 
me component parts of glaſs are extremely ſmall und 
fine, I'guef# from its never ſhowing a rough face when 
it breaks; but always a poſh; and from the fmallneſs 
of its pal ticles I'ſiippdle' the pores between them muſt 
be excecdihg ſmall, which is the Teton that aqua-fortis, 
nor any other menſtruum wWe have, cat ae to ſepa- 
rate them and Gfflolye the ſubſtance ? nor is atty Ault 
we know of, fine endugh to enter, except” common 
fire, and che electrie fluid. Now the departing fire 
leaving à vacuum, as äfdteſtid, betw'een theſe pores, 
which Air nor water are fine enough,'to enter and fill, 
the electric fluid, (Which is every” here ready in what 
we call the'noreleArics; ati a in Fan me fie mix- 
turen thilt ute in 75 e we gry not 
become fixed Wi e of he but ſubs. 
fiſts there us Water in a een ſtofle, 4 9 on! ly by 
the attraction of the 8280 Parts, Miel Mill lobſe 
a fluid“ 927 1 ſuppoſe farther,” that in ay ling 


of the zlafs, its textute becomes clo 78 5 middle, 
and forms u kifid of partition, 11 Whic pores ars 
fo nartbw/! that the ade een Avid, | 


which Laer dec e 1100 'tiitie, 2 15 
through, or af and repaſt e Turface to 
other, ai {6 mi e bt,” Kr, bl the pit ch 
of electric fluid; ibi bet ty ich for 
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themſelves paſs through to thoſe of the other, their 
repelleney can, and by this means they act on one 
another. The particles of the electrie fluid have a 
mutual repelleney, but by the power of attraction in 
the glaſs they are condenſed or forced nearer to each 
other. When the glaſs has received, and, by its at- 
traction, forced cloſer together ſo much of this electrie 
fluid, as that the power of attracting and condenſing 
in the one, is equal to the power of expanſion i in the 
other, it can imbibe no more, and that remains its 
conſtant whole quantity; but each furface would re- 
ceive more, if the repelleney of what is in the oppo- 
fite ſurface did not reſiſt its entrance. The quantities 
of this fluid in each ſurface; being equal, their repel- 
ling action on each other is equal; and therefore thoſe | 
of one furface cannot drive out thoſe of the other 
but; if a greater quantiry is forced into one ſurface. 
than the glaſs would naturally draw in, this increaſes 
the repelling power on that ſide, and overpowering 
the attra&ion on the other, drives out part of the 
fluid'that had been imbibed by that ſurface; if there 
be any noti-elecric ready to receive it: ſueh there is 
in all euſes where glaſs is electrified to give a ſhock, 
The ſurface that has' been thus emptied by. having its 
electrical fluid driven out, reſumes again an equal 
quantity with violence, as ſoon as the glaſs has an 
opportunity to diſcharge that over quantity more than 
it could retain by attraction in its other ſurface, by 
the additional repelleney of which the vacuum had 


been occaſioned, For experiments favouring (if 1 
A0 | may 
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may not * confirming), this hypotheſis, I yy 
to avoid repetition, beg leave to refer you back 
to what is ſaid of the electrical phial in my former 
papers. 
34. Let us now * hom it will account, for ſeveral 
* — appearances.---Glaſs, a body extremely elaſtic, 
(and perhaps its. elaſticity may be owing in ſome de- 
gree-to the ſubſiſting of ſo great a quantity of this-re- 
pelling fluid in its pores) muſt, when rubbed, have 
its rubbed ſurface ſomewhat ſtretched, or its ſolid 
parts drawn a little farther aſunder, ſo that the va- 
cancies in which the electrical fluid reſides, become 
larger, affording room for more of that fluid, which 
is immediately attracted into it from the cuſhion or 
hand rubbing, they being ſupplied from the common 
ſtock. But the inſtant, the parts of the glaſs ſo. opened 
and filled, have paſſed the friction, they cloſe again, 
and force the additional quantity out upon the ſur- 
face, where it muſt reſt till that part comes round to 
the cuſhion again, unleſs. ſome non. electric (as the 
prime conductor firſt preſents; to receive it . But if 
the inſide of the globe be lined with a non · electric, 
the additional repellency of the electrical fluid, thus 
nne BAY een on Wade. 1 d park of tbe globe's | 


* In the lk PT rg fluid may Se EEE em- 
circles or half-moons, one on the fore · part, the other on the back part of 
the cuſhion, juſt where the globe and cuſhion ſeparate. In the fore creſ- 
| cent the fire is paſſing out of the cuſhion into the glaſs; in the other it is 
leaving the glaſs, .and returning into the back part of the cuſhion. - When 
Gap prime conductor i is $ 2ppiy'© to take it of ths glaſs, the back Creſcent 
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outer ſurface, drives an equal quantity out of the 
inner ſurface into that non-electric lining, which re- 
ceiving it, and carrying it away from the rubb'd part 
into the common maſs, through the axis of the globe; 

and frame of the machine, the new collected elec- 
trical fluid can enter and remain .in the outer ſurface, 
and none of it (or a very little) will be received by the 
prime conductor. As this charg'd part of the globe 
comes round to the cuſhion again, the outer ſurface 
delivers its overplus fire into the cuſhion, the oppoſite 
inner ſurface receiving at the ſame time an equal quan- 
tity from the floor. Every electrician knows that a 
globe wet within will afford little or no fire, but the 
reaſon has not before been II to be given, that 
I know of. 

34. So if a tube lined with a * S be 
rubb'd, little or no fire is obtained from it. What is 
collected from the hand in the downward rubbing 
ſtroke, entering the pores of the glaſs, and driving an 
equal quantity out of the inner ſurface into the non- 
electric lining: and the hand in paſſing up to take a 
ſecond ſtroke, takes out again what had been thrown 
into the outer ſurface, and then the inner ſurface re- 
caves back again what it had given to the non- electric 
lining. Thus the particles of electrical fluid belonging 
to the inſide ſurface go in and out of their pores every 
ſtroke given to the tube. Put a wire into the tube; 


Gilt Paper, with the gilt face dert dhe glaſs, does well. 
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the inward end in contact with the non- electric lining. 
ſo: it will repreſent the Leyden bottle. Let a ſecond 
perſon touch the wire while you rub, and the fire 
driven out of the inward ſurface when you give the 
ſtroke, will paſs through him into the common maſs, 
and return through him when the inner ſurface re- 
ſumes its quantity, and therefore this new kind of 
Leyden bottle cannot be ſo charged. But thus it may: 

after every ſtroke, before you paſs your hand up to 
make another, let a ſecond perſon apply his finger 
to the wire, take the ſpark, and then withdraw his 
finger; and ſo on till he has drawn a number of 
ſparks; thus will the inner ſurface be exhauſted, and 
the outer ſurface charged; then wrap a theet of gilt 
paper cloſe round the outer ſurface, and graſping it 
in your hand you may receive a ſhock by applying the 
ander of the other hand to the wire: for now the 
vacant pores in the inner ſurface reſume their quan- 
tity, and the  overcharg'd pores in the outer ſurface 
diſcharge that overplus; the equilibrium being reſtored 
through your body; which could not be reſtored thro 
the glaſs *. If the tube be exhauſted of air, a non- 
electric lining, is in contact with the wire, is not ne- 
ceſſary; for in vacuo; the electrical fire will fly freely 
from the inner ſurface, without a non- electric con- 
ductor: but air reſiſts in motion; for being itſelf an 
electric Fer ge, it does nnen 
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| nh ami So the air never draws off an electric 
atmoſphere from any body. but in proportion to on 
non-eleftrics: mixed with it: it rather keeps 
atmoſphere: confin d, which from the mutual — 
of its particles, tends to diſſipation, and would im- 
mediately diſſi pate in vaquo. And thus the experiment 
of the "feather indoſed in a glaſs. veſſel hermetically | 
ſealed, but moving on the approach of the rub 
tube; is ecplained: Mhen an additional quantity of 
the electrical fluid N to the ſide of the on 
by the atmoſphere of -4: quantity is repe 
and driweid out of 22 ſurface of that ſide into 
the veſſel, and theres aſſects the festher, returning. 
again into its pores, when che tube with its atmaſphare 
is withdrawn; not that the particles of that gymoſ- 
phere-did;themſelves-paſs throughythe-glas: to the, fea- 
ther. And every qther àppearanee I have yet ſeems, 1 in 
which glaſs and electricity are concernod. are, 
explained with equal caſe by the ſame fis | Yet, 
perhaps it may not dea true on. Lal! be 
obliged to bim that affords: me a bevtars:c; 2235 
4 3 85 Thus I take the difference between nonrelec; 
trics, and glaſs, an electric per e te cenſiſt in theſe 
dne pattienlats. iſt e e e 
a change in the quantity af the. Slcrig fluid, it cons 
tains Lou may leſſen its wholoquamtitys by drawing 
out apart, which.the: whale, body. will again, zefurns ; 
but. of glaß you canconly leſſen tha quantity u 
in one of: its ſurfaces h aH not that, hut by fu | 


an | equal» quantity Ls ates the. orf ur 
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made: ſo that ehe whole glad may always have the 
fame quantity im the two ſurfacet, their two differant 
quantities beitig added together, And this van only 
be dete in glalh that is thin; beyond a certairi/thick- 
neſs We have yet ne ↄ that can make this change. 
And; dy; that ht electric fire ' removes: from 
ce te Place, ly and through thefubſtancs-of a/non- 
Krit, Dat not ſo through the fubſtanes of glaſs. IT 
u offer a quantity to- one aid: off along irod of 
ral, it rote mt; — ollen it andere; every partiele 
kalle was before ip the.r6d} puſhito j ns neighbour quitt 
tothe farther endy e til overplus ig difohuirged; 
atid his inſtantanesüſly where: rod is part-of the 
eirele in xhe e df the ſſlocle. Hut glad, from 
the ſmallnteſs of ic poresg o uonger attraction of 
Wat it eentaigsg - tefuſte td àdmit ſo free al motiom; 
a glaſb ted wall ner oondufßt ad ſhock, nor will tlie 


ied x 3 faffer" any 1 one of its 
—.— Itocthe other: gz 
2d 5 e. ee te impoſMibliity vf ſueteꝶ in the 


experiments propoſed, *t6/draw<our the effidvidl vixtues 
of Höntelectris das nnEaeοn, for inſtanee, ind mix- 
Hg them "With the olectric fluſa; to convey: them with 

that int che bod) by rnncladmg't in th globe and 

_ rfien applying g friion; Ge. For though. theufflüvia 
# of 'fihattion; and 'the-eletris fluid ſhould mix within 
tte globe they would never come out together though 
che — 5f ue gl; wh go to the prime con- 
for the electrit dad Hö oannot come 
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from the cuſhion, and that from the floor. And be 
ſides, when the globe is filled with cinnamon, or 
other non- electric, no electric fluid can be obtained 
from its outer ſurface, for the teaſon before 
tioned. I have tried another way, which I thought 
more likely to obtain a mixture of the electrie and 
other efſtuvia together, if ſuck a mixture had been 
poſſible. I placed à glaſs plate under my cuſhion, to 
cut off the communication between the cuſhion and 


floor ; then brought à ſmall chain from the euſhion 


into 4 glaſs of oil of turpentine,” and carried another 
ehain from the oil of tutpentine'to-the floor, taking 
care that tlie chain from the cuſhion to the glaſs, 
touch d no part of: the frame of the machine? Ano- 
ther chain was fixed to the prime conductor, and held 
in the hand of a perſon to be electriſied. The ends of 
the twö chains in the gluſs were near an inch diſtunt 
from each other; the oll of turpentins betwesn. Now 
the globe being rurned;-could draw no fire from the 
floor through the machine, the communication that 
way being cut off by the thick glaſs plate under the 
guſhion: it maſt em draw” it thrbugh che chains 
whoſe: ends were dipped in the oil of ine. 
And as the oil of turpentine being an eleckrie per fo; 
would not conduct, what dame up from the floor was 
obliged to jump from the end of one chain to dhe 
end bf the other, throught the ſubſtance of that vil, 
which we could fee im large parks, and ſo ir lad a 
fair oppurtunity of ſcizing fome of the fineſt particles 
af the! oil in its paſſage, and crying cem off wien 
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it but no ſacks effect followed; nor could I perceive: 
leaſt difference in the ſmell -of the electric effluvia 
wus collected from orhat it has when collected other- 
wile, nor does it otherwiſe affect the body of a perſon 
dlectriſed. 1 likewiſe put into a phial, inſtead of water, 
a rong purgative liquid, and then charged the phial, 
—— — ſhocks from it, in which caſe every 
particle of the electrical fluid muſt, before it ent 
through my body, have firſt gone through the _— 
when the phial is charging, and returned through it 
when diſcharging, yet no other effect followed than if 
it had been charged with water. I have alſo ſmelt the 
electric fire when drawn through gold, filver; copper; 
bad, iron, wood, and the human body, and could 
perceiue no difference: the odour is abvays the ſame, 
where the ſpark does not burn what it ſtrikes ; and 
therefore L imagine it does not take that ſmell from 
any quality of the bodies it) paſſes through. And in- 
deed. as that ſmell ſo readily, leaves the electrie matter, 
and) adheres to the knuckle receiving the ſparks, and: 
to other things; I ſuſpect that it never was connected 
with it, but ariſes inſtantaneouſly from ſomething in, 
the air ated upon by it. For if it was fine enough 
to come with the electric fluid through the: body. 
of one Nen en it ſtop on the. n 
another? F Bib of bonild 
But 1 wall nerer [have done, if 1 tell you! all oy 
conjectures, thoughts, and imaginations on the nature 
and operations of this electric fluid, and relate the“ 
| . eee v — tried. I. r 
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already made this paper too long, for which I muſt 
crave. pardon, not having now. time to. it. 1 
mall only add, that as it has been obſerved here that 
ſpirits will. fire by the electric ſpark in the ſummer 
time, without heating them, when Fabrenheit's' ther- 
mometer is above 20; ſo when colder, if the operator 
puts a ſmall flat bottle of ſpi pirits in his boſom, or a 
cloſe pocket, with the ſpoon, ſome little time before 
he uſes them, the heat of his body w communicate 
warmth At than. Wc for the Pap 
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abpircoxay vxprgiatent;” 
roving that the Leyden Bol hat ny more elefrical Fire 
the Wi 
of racy af 
Nane 12 is diſcharged 


the outer Surface 
being ſie ay? in 4 2 State of nf Fiat when the 
inner Surface is in a poſitive State. 


LACE a thick plate of glaſs under the rubbing 
cuſhion, to cut off the communication of elec- 
trical fire from the floor to the cuſhion; then, if 
there be no fine points or hairy threads ſticking out 
from the cuſhion, or from the parts of the machine 
oppoſite to the cuſhion, (of which you muſt be care- 
ful) you can get but a few ſparks from the prime con- 
ductor, which are all the cuſhion will part with. | 
| Hang a phial then on the prime conductor, and it 
will not charge —_ you hold it by the coating.--- 
But, | 
Form a communication by a chain from the coating 
to the cuſhion, and the phial will charge. 

For the globe then draws the electric fire out of the 
outſide ſurface of the phial, and forces it through the 
prime conductor and wire of the phial, into the inſide 
ſurface. ; | pho "hae? | 35 


Thus 
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Thus the bottle is charged with its own fire, no 
other being to. be had while the glaſs = is under the 
cufnion. 1 it} 

Hang two cork balls by ken threads to the prime 
conductor; then touch the Foatiny gf the botile and 


Mey will be electrifled and recede from each other. 

For juſt as much fire as you give the coating, {> 
much is diſcharged through the wire upon the prime 
conductor, whence the cork balls receive an electrical 
atmoſphere.---But, 

Take a wire bent in the form of a C, with a ſtick 
of wax fixed to the outſide of the curve, to hold it 
by ; and apply one end of this wire to the coating, 
and the other at the ſame time to the prime conductor, 
the phial will be diſcharged; and if the balls are not 
elefrified before the diſcharge, neither will they ap- 
pear to be ſo after the diſcharge, for they will not re- 
50 each other. 

Now if the fire diſcharged from the inſide ſurface 
of the bottle through its wire, remained on the prime 
conductor, the balls would be dectrified, and recede 
from each other. 

If the phial really exploded at both ends, and diſ- 
charged fire from both coating and wire, the balls 
would be more eletrified, and recede farther ; for none 
of the fire can eſcape, the wax handle preventing. 

+ "But! if the fire, with which the inſide ſurface is 
ſurcharged, be ſo much preciſely as is wanted by the 

outſide ſurface, it will paſs round through the wire 
ea N n FEAIE in 
b the 


38 Mew Experiments aud. 
the yp Por make no alteration in the ate of the 


prime conductor. 8 al 
Accordingly we find, that if the prime conduFfor 
be electriſied, and the cork þalls in; a ſtate of repel- 
Jency before the bottle is diſcharged, they 1 
ſo afterwards, Ik . * are not eleQribed a 


diſcharge, 1 ein oy kn n tate 20 Br 10 
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in a ſpoon held by another perſon, both ſtanding on 
the foor, wilt fire the Tpirits, and yet ſuch” firing will 


not determine whether the 2 was in 4 
glaſs, or he no * N her 
ſon Between th 255 Laich baſe 

his hand, into which the 4 from the phial is — 1 


while he at the inſtant of aur preſents a finger of his 
other hand _ _=— ſpirits, does not at all alter the 


2 k Wb c 10.0 Wa h of the ſide of bach gſon; 
it ; 


tie perſon 
_ all — 1 5 — as one long wire, og: — from 
the — ſurface of the phial to the ſpirits. 
June 29, 1751. In Capt. Waddell's account of the 
effects lightni hip, I could not but take 
notice 95 = 2 Ane (as he calls them) that 
ſettled on the ſpintles at the top-maſt heads, and burnt 
like very late. torches (before the ſtroke). Accchding 
to my opinion, the electrical hire, as then 
off, as points, From the elvyt1* t e largepe 0 . 


Harte eat quanzitY! of etechffei 
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it at pleafure. Mr. Wigan, at London, tried it on too 
large: ter and wich too ſmall force. 

A 1hock tom four. large glaſs jars, ſent through a 
aur ſewing neede; gives it polarity, and it will tra- 
verſe when laid on water.---If the needle when ftruck 
lies” Eaſti and Weſt,” the end entered by the electric 
blaſt points North. If it lies North and South, the 
end that lay towards the North will continue to point 
North when: placed on water, whether the fire entered 
at that end, or dt the contrary eng. 
The polarity given is ſtrongeſt when the needle is 
ſtruck lying North and South, weakeſt when lying 
Baſt and Weſt; perhaps if the force was ſtill greater, 
the South end, entered by the fire, (when tlie needle 
lies North and South) might become the North, other- 
wiſe it puzzles us to account for the inverting of com- 
paſſes by lightning; ſince their needles muſt 'alwahs 
be found in that ſituation, and by our little Experi- 
ments, whether the blaſt entered the North and went 
out at the South end of the needle, or che contrary, 
ſtill the end that lay to the North ſhould continue to 
point North. *- 

In theſe experkpents the ends of the needles are 
ſometimes finely blued like a watch-ſpring by the elec- 
tric flame.---This colour given by the flaſh from two 
jars only, will wipe off, but four jars ſix it, and fle- 
quently melt the needles. 1 ſend you ſotne that have 
had their heads and points melted off by our mimic 
lightning ; and a pin that had its point melted off, 
and ſome part of its head and neck run. Sometimes 
the ſurface on the body of the needle is alſo run, and 


14 TT Ty.) N 2 appears 
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appears bliſtered when examined by a magnifying 
glaſs: the jars I make uſe of hold ſeven or eight gal- 
lons, and are coated and lined with tin foil; each of 
them takes a thouſand n * of a * nine inches 
diameter to charge it. 

I ſend you two ſpocimens of tin-fol melted between 
3 — 

1 have not heard that any of your European Electri- 
cians have ever been able to fire gun- powder by the 
electric flame. We do it here in this manner. A 
ſmall cartridge 48 filled with dry powder, hard ram- 
med, ſo as to bruiſe ſome of the grains; two pointed 
wires are then thruſt in. one at each end, the points 

approaching each other in the middle of the cartridge 
till within the diſtance of half an inch; then, the 
cartridge being placed in the circuit, when the four jars 
ate diſcharged, the electric flame leaping from the 
point of one wire to the point of the other, within 
the cartridge amangſt the powder, res it, and the ex- 
ploſion of the en * n — 
crnch al ef r | v4 1! 


men, . _ ff 48) 


Os ei — 1781 „ 
._ © The-cuſhion Meg ad eta flap of 
which might cling to the globe z and care ny, taken to wk that flap 


x due temperature; between too dry and too moiſt, we found ſo much more 
of che any nr Wy; 1129 
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LET TER VE. 


FROM 


— 


BuNJ. FRANKLIN, E.; of Philadelphia, 
C. C. Ech at New-York. 
Communicated to 1. Cort IMS oB. ä 


of 4 War, MN 1751. 
1 Incloſe you anſwers, ſuch as my preſent hurry of 
buſineſs will permit me to make, to the principal 
queries contained in yours of the 28th inſtant, and 
leave to refer you to the latter piece in the 
printed collection of my papers, for farther explana- 
tion of the difference between what is called elefirzcs per 
ſe, and non-eleFrics. When you have had time to. read 
and conſider theſe papers, I will endeavour to make 
any new experiments you ſhall propoſe, that you think 
may afford farther light or ſatisfaction to either of us; 
and ſhall be much obliged to you for ſuch remarks, 
objections, &c. as may occur to you.---I forget whe- 
ther I wrote to you that I have melted braſs pins and 
eel needles, inverted the poles of the magnetic nee- 


Alle, given a magnetiſm and polarity to needles that 


had 


4 
” id 
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had none, and fired dry gunpowder by the electric 
ſpark.7 I have of bot ies that contain eight or nine 
gallons each, two of which charg'd re ſufffcient for 
thoſe purpoſes: but I can charge and diſcharge them 
altogether. There are no bounds (but what expence 
and labour giye hn force man may raiſe and uſe 
in the el Fox bottle may de added to 
bottle in infinitum, and all united and diſcharged to- 
gether as one, the force and effect proportioned to 
their number and ſize: The greateſt known effects of 
common lightning may, I think, without much dif- 
ficulty, be exceeded in this way, which a few years 
ſince could not have been believed, and even now may 
| ſeem to many a little extravagant to ſuppoſe.---$0. we 
are got beyond the ſkill of Rabelajs's devils. of two 
years old, who, he umourouſly ſays, had only learnt 
to thimder and lighten a little round the head of a 

cabb En 
pra Tan, wit fees Hier, r 


5 . mf obliged hel fr, | 
B. PRANKLIN. 
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Wack and ANWSERS Hferred [7 in the 
foregoing Letters: ES bots 


N * Ys. „ Wherein conſiſts the difference between. * 
cleclrio and a nen-ele&ric body? 
Anſiser. The terms electric per * and non-electrie, 
were firſt uſed to diſtinguiſh bodies, on, a miſtaken 
ſuppoſition that. thoſe called electrics. per 1. alone con- 
tained electric matten in their ſubſtance, which was 
capable af being excited by friction, and of being pro- 
duced. or, drawn from them, and communicated to 
h thoſe called: non-gle@rics, ſuppoſed to be deſtitute of 
it: For the glaſs, &. being rubb d. diſcover d ſigns of 
5 it, 85 1 flag the finger, 1 — 


the.rubber and the floor ; and eden e pere 
proved that the electric matter was really drawn from 
thaſe bodies that gt fHtſt were thought to have none in 

them. , Then it vag doubted Whether glaſs, and other 
bodies called electric per ſe, had really any electrie 
matter in them, ſince * apparently afforded none 
but what they firſt extracted from thoſe which had 
been; called nontelectrics. But ſome of my experi- 
ments ſhew that glaſs contains it in great quantity. 
and Ino ſuſpect it to be pretty diffuſed in 


all the matter of this terraqueous lobe.” I 10, the 
terms 


* * 
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terms electric per ſe, and non-eleFric, ſhould. 5 laid 


alide as improper: and (the only difference being this, 


that ſome bodies will conduct electric matter, and 


others will not) the terms conductor and non- conductor 


may ſupply their place. If any portion of electric 


1 * is applied to a piece of conducting matter, it 


penetrates and flows through it, or ſpreads equally on 
its ſurface”; if applied to a piece of noh-condu@ting | 
matter, it will do neither. Perfect conductors of elec- 


itte matter are only metals and witer. Other bodies 
ot ans 3 as they contain a mixture of choſe; 
* - without more or leſs of which they will not condutt | 


at alls. This (by the way) Thews' a new: relation | 

| derween metals and water heretofore unknown. 
To illuſtrate this by a compariſdn, which, eier, 
bly only give a faint-reſemblance. Electne matter 
paſſes through conductors as water paſſes through a 
Porous ſtone, or ſpteads on their? ſarfaces a8 Water 
on u wet ſtone; but when applied to non - oon- 
ductors, it is like water dropt on d greaſy ſtotte, it 
neither-penetrates,” paſſes through, nor ſpreads on the 
| furfacs bur remains in drops whete it falls. See far- 


cher on ehis head," in my laſt- es piece, entitled, 


Opinions and „&. 1749. 
Query. eee e en in eletigal\6x. | 
iments? ? O08 eee een dee 


Ae, { Al 1a; hitherts obſerved ate” theſe. 
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Moiſt air receives and conducts the electrical matter 
in proportion to its moiſture, quite dry air not at all: 
air is therefore to be claſs'd with the non-conduRors. 
Dry air aſſiſts in confining the electrical atmoſphere to 
the body it ſurrounds, and prevents its diſſipating : for 
in vacuo it quits eaſily, and points operate ſtronger, 
e. they throw off or attract the electrical matter more 
Freely, and at greater diſtances ; ſo that air intervening 
obſtructs its paſſage from body to body in ſome de- 
gree, ; A clean electrical phial and wire, containing 
air inſtead of water, will not be charged nor give a 
ſhock, any more than if it was filled with powder of 
glafs - but-exhauſed of air, it operates as well as if 
filled with water. Yet an electric atmoſphere: and air 
do not ſeem to exclude each other, for we breathe 
freely in ſuch an atmoſphere, and dry air will blow 
through it without diſplacing or driving it away. I 
queſtion whether the ſtrongeſt dry North-Weſter + 
would diſſipate it. I once electrified a large cork-ball 
at the end of a filk thread three feet long, the other 
end of which I held in my fingers, and whirl'd it 
round, like a ſling, 100 times in the air, with the 
ſwifteſt motion 1 could poſſibly give it, yet it retained. 
its electric atmoſphere, though it muſt have paſſed 
through' 800 yards of air, allowing my arm in giving 
motion to add a foot to the ſemi-diameter of the 
cirele. y quite dry air, 1 mean the dryeſt'we Have: 
for ray, we never have any perfeRly free from 
moiſture, An electrical . atmoſphere raiſed round u 
I A caldry witd of North Aimettea, — je 
0 ek 
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chick wire, inſerted in a phial of air, drives out none 
of the air, nor on withdrawing that atmoſphere will 

any air ruſh in, as I have found by a curious experi- 
ment + accurately made, hence we concluded pay 
the EATERY. eee nden 


An ere, tour Barr of the dune v 
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Fon the prime ne, hang &' bultevby a ics 
hook; under the bullet, at half an inch CN | 
place a bright of ſilver to receive the ſparks; 
then let the wheel be turned, and in u few minutes, 
(if the repeated ſparks continually ſtrike in the ume 
ſpot) the ſilver will receive a blue ſtain, near the co- 
* of a watch {pring. | R 


FOO WO ee An empty phial was 
with a cork. r | 
I eyden experiment, which wire almoſt reached the bottom: Through 
ther part of the cork paſſed one leg of a ſmall glaſa ſyphon, the other 5 8 
the outſide came down almoſt to the bottom of the ial, This 

furſt held a hort-time in the hand, which warming ee ora 


the air within, drove a ſmall part ef Rome «through he | 
red ink in a tea-fpoan was 2 g he 
2 ſo that as the air wi 0 a little of the ink might 

leg. When the air within the bottls-came to be of the ſame temperature; of 
that without, the drop of red ink would reſt . But 
the warmth of «Singer applied to/the phie would couls that de 


as the leaſt outward coolneſs applied-would make it aſcend. - 28 
found its ſituation, and was at reft, the wire was electrißed a communi- 
cation from the | electric 


prime conductor. 


Ogre u RTAC TNT L 99 


A bright piece of iron will alſo be * but not 
with that colour; it rather ſeems corroded. 
2 n gold, draſt, or tin, I have not — has It 
makes any impreſſion; But the ſpots on the ſilver dr 
iron will be the er whether the bali wry lead, braſs, 


gold or fMlver/ r 

On a liver bullet there will all appear mal yr, 
ag well as on the plate below it. 
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eden Franzzn- Bly at Philadelphia. | 
302.441 vd 119) er »d 20u6d,6micy;.202} 0:9uUw, aH ye! 
Communicated, with the Lnſwers, to- Mr. Cor iunson, 
D. THT Ani vollel i in a oy Ld 2140, * Bf 
Bob TR... bun gen "aq ad. l. 3s 1762. 
Have the following experimenits 1 cem Untere 
1 held: in — . a wire, which was faſtened at 
| the other end to the handle of a pump, in order to try 
whether the ſtrole from the prime-condiiftor, through 
Mar, would be any greater than vbhen conveyed 
only to the furface of the n buvicould diſcover 
no difference. on £ 36 to Slo RH 1 ee ft -* 


29d w | O 2 | I placed 


(135 
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I placed the needle! of a compaſa ien A 
long pin, and holding it in the atmoſphere of the 
prime conductor, at the diſtance of about thtee inches, 

found it. to whirl round like the flyers of a jack, with 

great r rapidityʒ : 2417 1 lf 2s! + 111 5d 41 W f101 i 

3 ſuſpended with ſilk a cork ball, abaut che bigneß 

of a pea, and: preſented to it, rubhed amber, ſealing- 
wax, and ſulphur, by each af whict:it was ſtrongly 
repelled; then I tried rubbed glaſs and china, and 
found that each of theſe would attract it, until it 
became eleckrifted again, and then it would be repelled 
as at firſt; and while thus . by 50 1 glaſs 

Tay k W. either the 'pthers he uld i d- 

tract it. Then I dlectrified the oo e wire of 

a charged phial, and l to it => * (the 
ſtopper of à decanter) and a chin which 
it was as ſtrôngly repelled as by 5 when I 
preſented either of the other rubbed wie; it would 
be ſtrongly attracted; and when I electrified it by either 
of theſe, till it became repelled iti would / be attracted 
by the wire of the phial, but be repelled by its coating. 

Theſe experiments fur przed me very auth" und 
have induced me to infer the following paradoxes. _ 
-*15 Tf a glaſs globe be placed at one end of 'a 
conductor, and a ſulphur one at the other end 
being equaliy in good order, and inte qual mation, 

a ſpark af fire can be obtained from the tenducter; bit 
one globe will draw out;; as faſt as the vthel gives int. 
2. 16-2 phil: be ſuſpended on the conductor, with 
a chain from its cbatimꝑ to the table, and only bnd of 
the 2 be made uſe of at a time, 20 turns of the 
bend ! 2 0 | wheel 
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_ = of the aeg. — will diſcharge it; and 


more wi again. 
I. globes bei och in Tuned. cath havilg a 
te conductor, * a phial ſuſpended on one of 


— 
them, and the chain of it faſtened to the other, the 


be ha 
LOWE er n F apt: 


4. he phial 5 A charged, hang it in like 
manner on the other conductor; ſet both wheels a 


going "SU and. the af. ben ff, rns that 
charged it before, will ok. charge it; 3 ah the ſame 


ber will charge it again. 
e ch with the ſame 


5. When each globe communicates wi 

prime conduttos} having 1a7cHaw') hatiging fronrnt 

the table/c6ye06 then when:int thichlI 
cannot ay) wall. dratvifire np through: then eabiog, | 
and diſchargy it throughnthe: chain! ther other WII 
dra it up through the bhain, and gifthargeatthrongh 
the cuſion. l 264 i, U ispo ban anοm 
wald be gladif? ydi>Rtobld fend to my hauſa for 
my fulphur globe, and the cuſhabmechelongingo nit 
and: make the itriah p bull anuſt caution you not Tore 
dall oh. cuſfl ion ſamie: fine powdered Gilphas all 
do bettär, fa BARpe ch ον.ſhohldsfind lobe 


to charge the prime conductor differently, I hope H 


will be able to diſcotet ſome method of ee 
# port g Ht that had to 
Lane, e ee drinedons x 

hat kk E. KINNERSLBY. | 
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(ron — for ydur briniftenegloþd;!;m o 
der to make tlie erinis you — — —u— 
e eee ee 
gest Mur I aH get it nttäd for arſe, y — 
ments, and acquaint you with the reſult. iIHHrh o 
An ene nean thas I faſpett;; thab the iliſferent tat- 
tations and-repatfions you bbſervei prochefied ra- 
ther from the or ſmaller quaittitids of the fire 
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8 1 Ip" Hcg E 2 Adres 16, 1792. 


1 0 


He brought your brimſtone globe ta work, 
T tried one of the experiments you propoſed, 


and was ageecably ——————— 
being at one end of the conductor, and the ſulphur 


1 globe at the other end, both globes in motion, no 
| ſpark could be obtained from the conductor, unleſs 

when one globe turned flower, or was not in ſo good 

order as the other; and then the ſpark was | 
proportion 1 ſo that turning egually, 
or turning that floweft! which worked beſt, would 
again bring the conductor to afford no fpark.!;  \21) 
I 6found alſo, that the wire of à phial charged by 
the glaſs globe, attrafteid a cork ball that had touched 
the wire of a phial charged by the brimſtone globe, 
and vice verſe, fo that the cork continued to play be- 
VOY | 1 7 r tween 


' 
, & \ 2 1 9 * 
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tween the two phials, juſt as when one Phial was 
charged through the wire, the other through the coat- 


ing, by the glaſs globe alone. And two phials charged, 
the by the byimſtong globs, the dther by; the glaſs 
globe, would be both diſcharged by bringing their 


wires together, and ſhock; the perſon holding the 
hials. | 

2 From theſe experiments one may be certain that 
your 24, zd, and 4th propoſed experiments, would 
ſucceed exactly as you ſuppoſe, though I have not 
tried them, wanting time.] imagine it is the glaſs 
globe that charges poſitively, and the ſulphur nega- 
tively, for theſe reaſons, 1. Though the ſulphur globe 
ſeems to work equally well with the glaſs one, yet it 
catt never occaſion ſo large and diſtant a ſpark between 
my dnuckle and the conductor when the ſulphur one 
is Working, as when the glaſs one is uſed; which, I 
ſuppoſe, is occaſioned: by this, that bodies of a certain 
bigneſs cannot ſo eaſily part with a quantity of elec- 
tricalefluid they have and hold attracted within their 
ſubſtance, as they can receive an additional quantity 
up their ſurface by way of atmoſphere. Therefore 
ſo much cannot be drawn our of the conductor, as 
canbe thrown on it. 2. I obſerve that the ſtream or 
bruſh of fire, appearing at the end of a wire, con- 
nected with the conductor, is long, large, and much 
diuenging,. when the glaſs globe is uſed, and makes a 
ſnapping (or rattling) noiſe: but when the ſulphur 

ond ois uſed} it is ſhort; ſmall, and makes a hiſſing + 
noiſe j and? juſt the reverſe of both happens, When 


R . you 
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you hold the fame wire in your hand, and the globes! 
are Worked alternately: the bruſh is large, long, di- 
verging, and mapping (or rattling) when the mul chr | 
globe 1s turned; ſhort, ſmall, and hiſſing when the 
glaſs globe is 'tumed.---When the bruſh is long, large, 
and much diverging, the body to which it joins, ſeems 
to me to be throwing the fire out; and when the n 
trary appears, it ſeems to be drinking in. 3. I ob- 
| ſerve, that when 1 hold my Khuckle before the Tulpftuf 
while turning, the ſtream of fire between my 
knuckle and the globe, ſeems to ſpread on its furface, 
as if it flowed from the finger; on the glals globe it 
is otherwiſe. 4. The evot' Wind {ot What was ealled 
ſo) chat we uſtd to feel us e un elected 
point, is, I think, more ſenſible when the glaſs globe · 
is uſed, than when the ſulphur one. But "he are 
hat choughta. A to ur fifth paraddix, I It W 8 
hkewife be true, if the globe att dternitriy work; 
but if worked together, the fare will neither q up 
nor go down by the chain, becauſe ons globe will 
drink it as faſt as the'dther roduces t.. 
I ſhould be glad to kn whether tite effetsWv ariel - 
. if the iglaſs globe is folid, i atul the ſulphur 
— iu hollow but I haves no n 1 prifent df 
Wängi yiitoy s ee en eee moſt 
In pon journeys, youv dad eden meet with atchs 
Aertts and ſalphair hes iarv2beavy and inconenidfit.c.< 
Ney. Would mut à thin plane vf brirmftonk, dat. 6h. 
a board, ſerve on occaſion. as a cuſhion, while a,glabe 
of 1 :(tuffed (prapesly mounted) {recaie 


the re kom the felptrur, 3 'the eönddctor 
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| ben, Such a globe would be in no danger of 

breaking *. * think IJ can conceive how it may be 
done 3; -but have not time to add more than chat Lam, 
948 aft a7 intl brig eur? nr Sent ©: ol; * 
Nie bas urid 37 al . FRANKLIN: 
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40 Printed at Patis ;, the Abbe Maneas Letter to 
"Drs Stephen Hales, dated t. Germain, May a0, 1752. 


ves be following Account (printed in the Philpſophical 


bo Txeniactiong), of %% ment: | made at Marly, in 
Daene, of thet\prepeſed by Ar Franklin, Page 66: 
teig End bis dortw oldie whntts mL Lat eee 


. A „ nd iu ene i, tis bs 1: 
H EPhilade/pbian experiments,. that Me C 
_ lic Member ef the Roy) Society, was 46 bind us 
to/tommunitate: tai the publie, having/beerviumivenſally 
atmiretin Franc utherKing/teſirted 't6 ſes hem per- 
formed. Whertfore the Duke) Didyenioffeteck his: Ma- 
jeſty his countiry«houſe at t.: Ger ain, w Rνν,w iM. de 
| maſter jof: Expetiniegtal q Hie ſophy, ſhouldopnt 
_ . thoſe!:0f: Philadeſphta in execution. His Majeſty dau 
them with great ſatisfaction, and greatly applanded 
Meſſi curse Fruntlin atx Cuii gan. Theſe applaufes of 
his: Majeſty: having excited in Meſſicute %% Bufii; 


„Ae and de] Der, a deſite vf verifying / the. wo 
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jectures of Mr. Franklin, upon the analogy of thunder 
and- electricity, they prepared themſelves for making 


the experiment. 

M. D.Alibard choſe, for this purpoſe, a garden 
fared at Mer(y, where he placed, upon. an electrical 
| dane pointed bar of iron, of 40 feet high. On the 
tenth of May, a0 minutes paſt two in the afternoon, 
a 1 cloud having paſſed over the place where the 

J thoſe that were appointed to, ahſe vo i, 
tab) and attracted from it Tparks &* firs, 
—_ the ſame kind of comwotipus ay in the Fat 
mon eleQrical Experiments; 

M. de Lor, ſenſible of, the good ſueçeſi of this, tk 
periment, reſolved to repeat it at his "houſe in 
de at Paris. He raiſed a bar of iron 99 
high, placed upon 4 cake of reſin; two fegt an 
yn. * inches thick. On the 9th" of * — 
four and five in the afternig6n;! a ſtormy 'elou Khan 
E over the bar, where it remained Ralf 0 hour, 

ſparks from the bar like thoſt from thegun 
barrel; L in the lolita eren ente ae de 
is only rubbed by the cuſhion, and the Th Product the 
ſame noiſe, the ſame fre, and the! mie erackfihg. 
They drew: the ſtrongeſt ſpafks ut tlie diſtaner ofiitine 
lines, while the val” mingled" with a little Hail,” Fell 
from the eloud, without either thunder or. nenne 
this cloud being, according to all Appearance) only 
ee of aſtormy; which bappened elſe here : 

Taso a profound ede, I eee 
uh, ELalg 8 i NOS eo,” 91 8 
IR G. MY2HAs. 
. R Aue 


un pouce de dlametre, longue de 40 
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. * 
F this extruordinary Experiment, was laid before the 
"\ Royal Academy of Sciences at Paris, three Days after- 
"i in « Memorial by M 9 8 


"EXTRAIT DN MEMOIRE. 
an K it D'ALIBARD, | 


ieee Royle " Same, 4 13 1 OY 


« 5b N Gaivant ta route que M. Franklin nous 
7" a tracee, j'ai obtenu une ſatisfaction com- 
_ * plette. a e le proceils.& le ſucces. | 

* 1*, Jai fait faire à Marly-la-vilte, ſituse à fix 
« lieuts de Paris au .miliey d'une belle plaine dont le 
el eſt fort Eleve, une verge de fer ronde, d'environ 
pied, & fort 
adus par fon. extrbmaits. f . Pear lui c. 

« nager une. pointe, plus Gine, Je Lal fait armer d'acier 

emp & enſuite brunir, au Jdetant de doture, pour 
J 1a; prbſerver de In rouille ; outre cela, cette verge de 
«+ fer elt courb6e vers ſan oxtrdmit6 inferieure.en deux 
«* coudes N angles 8 quoigu/arrondis ; le» premier 
«* coude eſt Eloigns de deux pieds du bout inftrieur, 
"& le * . pleds du 


0 a 
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„ 2", Jai fait planter dans un jardin trois groſſes 
« perches de 28 à 29 pieds, diſpos&es en triangle, & 
«© Floignées les unes des autres d'environ huit pieds ; 
« deux de ces perches ſont contre un mur, & la troi- 
% ſieme eſt au-dedans du jardin. Pour les. affermir 
„ toutes enſemble, Von à clout ſur chacune des entre- 
*« toiſes A vingt pieds de hauteur ; & comme le grand 
vent agitoit encore cette eſpẽce d'6difice, Von a at- 
** taché au haut de chaque perche de longs cordages, 
qui tenant lien d' aubans, rẽpondent par le bas à de 
«© bons piquets fortement enfoncẽs en terre à plus de 
* 20 pieds des perches. ! 421 
__ *« o*, Jai fait conſtruire entres les deux perches voi- 
e ſines du mur, & adoſſer contre ce mur une petite guẽ- 
ge = de bois capable de contenur un homme & une 
„ table. | 
. J'ai fait placer au milieu de la gutrite une pe- 
« tite table d environ un demi- pied de hauteur; & ſur 
cette table j'ai fait dreſſer & affermir un tabouret 
0 electrique. Ce tabouret n'eſt autre choſe qu'une 
*« petite planche quarree, portée ſur trois boyteilles a 
vin; il n'eſt fait de cette matiere que pour ſupplser 
eau defaut dun giteau de xéſine qui me manquoit. 
5“. Tout Stant ainh prepare, Jai fait Clever per- 
e pendiculairement la verge de fer au milieu des trois 
% perches, & je Hai affermie en Vattachant & chacune de 
«« ceg perches avec de forts cardons de foie Jar deux en- 
« droits ſeulement. Les premiers liens ſont au haut 
des perches, environ trois pouges ayrdeſſgue de leurs 
« antrémités ſupérieures) les ſeconda vers la moitis de 
« leur hauteur. Le bout Inf tieur de la verge de fer eſt 


« ſolidement 


+ Y 


* 170 New Exptriments and 


« ſolidement appuys ſur le milieu du tabouret elec- 
© trique, on ho 1 ereuſer; un en ny 1 hy re- 
60 eevoir. 

. Cod il Etoit nba 9 garantir ds la 
pi le taboutet & les cordons de ſoie, parce qu' ils 
laiſſeroient paſſer la matire Electrique s'ils etoient 
% mouilles; j'ai pris les precautions neceffaires pour en 
empecher. Ceſt dans cette vue que j'ai mis mon ta- 
ee bouret ſous la guerite, & que j avois fait courbet 
* ma verge de fer à angles aigus; afin que leau qui 

„ pourroit couler le long de cette verge, ne pitt arriver 
« juſques ſur le tabouret. C'eſt auſſi dans le mEnit 
deſſein que j'ai fait clouer fur le haut & au milieu 

de mes perches, à trois pouces au-deſſus des cordons 
e foie, des eſpeces de boites form&es de trois petites 

« planches d' environ 15 pouces de long, qui couvrent 
e par- deſſus & par les cõtẽs une pareille longueur des 
. <cordons de ſoie, ſans leur toucher, / 

'"«-1I's agifloit"de faire, dans le tems de Forage, Jour 
| *'bbſervations ſur cette verge de fer ainſi diſpoſce; lune 
« '$toit de remarquer à ſa pointe une aigrette lumineuſe, 
e ſemblable à celle que Von appergoit A la pointe d'une 
_ «_aiguille,” quand on Voppoſe aſſea pres d'un corps 

ec.” actuellement klectriſe; Vautre Etoit' de tirer de la 
verge de fer des Etincelles, comme on en tire du 


ee canon de fuſil dans les experiences ẽlectriques; & a- 
«fin de ſe garantir des piquùres de ces Etincelles, javois 
« gttache le tenon d'un fil darchal au cordon Tune 
©<'longue fiole' pour lui ſervir de manche. 

Le Mercredi 10 Mai 1952; entre deux & trols heures 


pres _ le nommé Coiltier, ancien 2 que 
| | ph Joi ; 


Obſervations on 'ELEcTRICTY. 111 


, j'avois chargẽ de faire les obſervations en mon ab- 
“ ſence, ayant entendu un coup de tonnerre aſſez fort, 
e ole auſſitòt a la machine, prend la fiole avec le fil 
« d archal, prẽſente le tenon du fil a la verge, en voit 

ſortir une petite ẽtincelle brillante, & en entend le 

e pẽtillement : il tire une ſeconde ẽtincelle plus fort 
que la premiere & avec plus de bruit ! il appelle ſes 
ce voiſins, & envoie chercher M. le Prieur. Celui-ci 

n accourt de toutes ſes forces; les paroiſſiens voyant 

%a precipitation de leur Curt, s'imaginent que le 
4, pauvre Coiffier a ẽte tut du tonnerre; l'allarme ſe 

0 rẽpand dans le village: la Srele qui ſurvient n'em- 

" ©, PR point le troupeau. du ſuivre ſon paſteur. Cet 

«©..honnete Eceleſiaſtique arrive pres de la machine, & 
" voyant qu'il n'y avort point de danger, met lui-meme 
main a T uvre & tire de fortes ẽtincelles. La 
nue d orage 8 de grele nefut pas plus: d'un quart- 
e d'beure A paſſer au zenith de notre machine, & Ton 
„ entendit que ce ſeul coup de tonnerte. -\Sit6t que 
le nuage fut paſſda & quien ne tira plus d'ctincelles 
Herde le et e Nader de Marly fit partir le 
<, eur Coiſfterquimeme, paar, mapporter la lettre ſui- 
TxyAnts quilumiterivet Ala häte. „ NN WN N. F 
wal Ars © SALAD. 2 e e Ault W. ob Says wn 

N dee Amend 1 Monfieus, r gie weer auen Tepe. 

meh complete. Avjourd bi d du betres 40 9 

3 „benen a Arectement ſur Manly 1 le 

afes fert. ¶ L envie de, vous. obger, & le digt 

| pul ar de mon. 2 2 50 Haid are de fille 
a, ben Corfier K dad gd era ad ant gue 
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le par d traver: wh torrent de grlle, Arrive d Tendrwit of 
placte la tringle coludte, j'ai preſents ie fil darchal,' en 
avangant' ſucceſſrvement vers la tringle, i un pouce & demi, 
ou environ; il eſt ſarti d la tringle une petite colonne- dv 
Fer bleuttre fentant le venoit frupper avec une 
extrime vi vaciti le tenon du fil darchal, & t un 
bruit ſemblable d celui gui on feroit en ſrappunt fur la tringle 


— uns clef. ai repett Pexptrience au moint fix fois — 
denviron minutes, en preſince de 


pron cbague experience que j'ai faite „ Hurd eſpe 
un pater & d'un ave; | J vd 'contitiger; I aftion an 
* Veſt ralentit peu d peu; ai approtht'ples pris, & Wai 
1 Hincelles, & mn rien n paru. 
Ze ' coup ie ronnerrt qui à ocuaf der Avenemeht;''n'2 
ted fuiel Auurun autre); "tot fe termm Par ume abondantt 
de grile. eros fi occupe dans i mumem te 'Texptrientt dt 
ce que je ois, qu/ayont i f afp ax vis un ris au-deſſt 
du coude,” je ue puis dire Ar gt en touabam a fil d'archal cu 
dq h Hl: je n m his par hunt un mal gur mavoit 
fait le coup d Þ moment que qe Tal ef; malt cm 12 | 

doulcur cburinntus, ab rtf ebe "moi; fu © Wdcouvkrt dn 
brut en preſence tle Coiffier, e 
triſſure 7 77 autour du bras; femblable'd' cis gue foroit 
un coup de fil d archal, ji j'en_avois ttt frappt d nud. En 
revenunt uf ubes CHN, Fai wurm YM Me av, M. de 
Mh, et ie Mitre" e ue ce h r- 
wort FG eBags ee 7 Ill fi 
n o Wax i Wea 

quits fupprachvienr 1 1% eee e Ma 
oder, of bg ooo be er =Q 
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Mogfieur, w# recit fait d a bdte, an. 8 
N Jdttefte, & vit ' powers afſurty que 
-rendre toi —— in 
2 , premier gui a fait leben 274 * 
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parny. 
of fais avec une reuſe confidtration, Monfeut, wetre, 
Ce. fant Raviet, eur de Mary. 10 Mai 1752. © 


On volt, par le detail de cette lettre, que le fait 
«eſt afſez bien conſtutẽ pour ne laiffer denz doute u 
„ce ſujet. 'Le porteur mia affure de vive volx qu'il 
<< avoit tire pendant pres dun quart-dheure avant 
«' que M. le Priear” atrivit, en pretence de cinq ou fix 
„ 'petſotitits; des | tificelſes plus Fortes & Phus bruy- 
an antes que celles dont il eſt parte dans la wes! "Ces 
70 premieres perfonnes arten Takeeifobhncth, moſdient 
10 WE tocher qua 10 ou 12 pas de la machine; & a 
diſtance, malgré le plein ſoleil, ils voyolent les | 
el « ee & entendoichtle bruit... 
H refulte de toutes les experiences Sibbe 
que ja rapportbes dans ce meémoire, & fürtout de 
t Ja derniert experience, faite” à daa ile qu que 12 
40 zer, du tonnerre eſt intopiteſtüblement Ja meg 
ue celle de 1 Electtickte. Liidee Aden wei e 5 
Franklin ceſſe etre une con lecture: la 
ce cc 22 17 wy play O1. a 
fondiru tout 4 115 Vit fur Telectricits, th 
endete Ui Pe fal elt rell le 
% pour cette partie.“ | | 
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Aaron of Mr. W. WATSON, F. R. F. 
to the Royal. Society, concerning the elektri- 
8 3 in "Brien, AND: 2 Thunder- 


on rI EM Nr. * 


F TER the communications, which we have r re- 
ceived from ſeveral of our correſpondents in 
different parts of the continent, acquainting us with 
the ſucceſs of their experiments laſt ſummer, in en- 
deavouring to extract the electricity from the atmoſ- 
phere during a thunder-ſtorm, in conſequence. of Mr. 
Franklin 's hypotheſis, it may be thought extraordinary, 
that no accounts have been yet laid before you, of our 
ſucceſs here from the ſame experiments. That no 
| want of attention, therefore, may be attributed to 
0 thoſe here, who have been hitherto converſant in theſe 
enquiries, I thought roper to appriſe you, that, tho 
ſeveral members of the Royal Society, as well as my- 
ſelf, did, upon the firſt advices. from France, prepare 
and ſet up the neceſſary apparatus for this purpoſe, we 
4-4 defeated in our expect 7 from the uncom- 
mon coolneſs and dampneſs. of the air here, during 
the whole ſummer, We had only at London one thun- 
der ſtorm; VIZ. on July, 20 ;, and. then the thunder was 
accompanied | with rain; ſo that, by 7 the ap- 
paratus, the electricity was diſſipated to be 
eee | tk oy! 85 fda i 
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Which ſerved to eqnduct it. This, T fay, in general 
prevented bur verifying Mr. FranMtin's tytothelt ; But 
our worthy brother Mr. Canton was more fortunate. 
I take the hberty, therefore, of laying before you an 
extract of a letter, which I received from that gentle- 
man, dated from Spital-ſfvare, ul A. g. OP-* 
1 had yeſterday, about five in the afternoon, an 
* opportunity of trying Mr. Hunklin's experiment of 
* exttacting thè electrical fire from the clouds; and 
«* ſacceeded, by means of a tin tube, between three 
* and four feet in length, fixed to che top of a glaſß 
one, of about eighteen inches! To the Upper end 
of the tin tube, which was not ſb high as u ſtack 
of chimnies on the fame houſe,” 1 faſtened three 
« xi6tdies with Tote wire and to the lower end was 
« ſoldered a tin cover to keep the rain from the glaſs 
« tube, which was ſet upright in a block of wood. 
„ T attended this apparatus as ſoon ufter the thunder 
„ began as poſſible; but did not find it in the leaſt 
« ele&rified, till between the third und fourth dap; 
« when applying my knuckle to the edge of the cover, 
« I felt and heard an electrical ſpark ; und approach- 
« ng it a ſecond time, I received the ſpark' at the diſ- 
« tance of about half an inch, and ſaw it diſtinctly. 
This I repeated four or five times in the ſpuce of a 
« minute, but the ſparks grew weaker and weaker; 
and in Jefs than two minutes the tin tube did not 
« appear to be electrified at all. The rain cuntinued 
% during the thunder, but was conſiderahly abated at 
„the time of making the experiment.“ Thus far 
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Wilton likowiſe of tho 4 are, 
lk Aa my the 11 wn, e e 


let 
urſuits, had an opportunity of be ke ing 7 TranMin's 
8 He informed me, 1 


1 letter fam near 
elmyfard in Hl, dated Au 14, 1754, tat, on 
that duy about noon, he perceived, ſeyeral electrical 
Aan during, or rather at the end of a, thunder 
orm, from no other apparatus than an iron curtain 
rod, one end of which he put into the neck of a glaſs 
| Phigh, and held this phial in his hand. T9 the other 
end of the iron he faſtened three a6" 8 with ſome 
ſilk.” This phial, ſupporting, the rod, he hel in one 
hand, and Jon aps from the rod with, a finger of 
bis other. This ee ot made ypon any 
eminence, but in UTP. e, MT pls 
| | houſe he then Was. 1 
Dx. Bevis obſeryed, at Mr Ns CK St,, 72 5 


nearly the #9 phœnomena Carter A W 5 
an account has been — e 5 70 . 
Trifling as the eße ere Mentioned 19 0 

we TH. 


Paris and Becki. they:: are. x the gp 757 t 
ſummat here has prod p roduced.; and 2s 6, 10 0 by y 


perſons, worth 5 e they te 
authenticity. of thoſe, tranſmitted. our cortaſpon. 


Its 110 — at this Hort _ 71 ot gf het 
matters will not. be diſagreeable.t0.ygu 6-7-4 

ae. , 12 — 4 3 
281 89d mur mi obedient bumble Servant, 
W. WAT S 0 N. 


a $ 
— - 


. 


Obſervations an RAe 137, 


i h 1 * # N 
Jo hy | LoL 1} nyode Wot 306 J60L.6 fil 


Ft 'E +. TER 7 XI. 


4. ROM, 1 ea 
Bax F. RANKL. Ns Ei F Ph ue 


. «4: eng 75 vai 19 5 
Paras Couunton, Eſq; F. R. 8. Londan. 
ee „el Ma ier 031 c 
1 % ad 10 $27 Od. 10 1% 521 
8 . stieg is: 1 
from Hurts af the ſucoeſs of the Pb 
— for drawing the eloctrioſire from clouils by) 
means af pointed ros of iran ertcted on high build- 
ings, &. iti may be agrecable to the curioud tocbe in- 
formed that the ſama experiment has:fuectaded; in Phi- 
ladania, though: made in x(different and» more eaſy" 
EY xr ved Which is as follows 416. 121 w homing 2d 
Make a ſmall croſs af two light: ſtriꝑs of getlar the: 
anne ſo long as tocreach to the ſout corneis di adarge 
thin ſilk handkerchief when extended i tie chebcotnets 
of the handkerchief to the extremities of the croſs, ſo 
you! Raue the body of a kite; which being properly 
accommodated with a tail, loop, and ſtring, will riſe 
in the air, like thoſe made of paper; but this being of 
ſilk is fitter to bear the wet and wind of a thunder 
guſt without tearing. To the top of the upright ſtick 
| * che | Crols.! is to be fixed a very ſharp pointed wire, 


riſing 


Tis ew Exptrimani{ Wer" 


riſing a foot or more above the wood. To the end of 
the twine, next the hand, is to be fied a ſilk ribbon, 
and Where the filk and zwine join, a ＋ may be faſ- 
tengd, This kitg/is to M raiſcl whey, a thunder gſt 
appears to be coming on, and the perſon who holds 
the ſtring muſt ſtand within à door or, window, or 
under ſome cover, ſo that the ſilk ribbon may no 
wet; \and and eare m er Be taken that the Aves 22 
wy the frame of the d ror window. As ſoon as 
y of the thunder clouds s come over the kite, the 
— dta the electric fire from them, and 
the kite, with all the twine, will be electrified, and 
the look! filaments of the twine will ſtand out every 
way; and be attratted by an approaching finger. 
when the rain has wet the kite and twine, ſo t it. 
can conduct the electrio fire freely, you will find it 
ſtream out plentifully from the key on the approach 
of your knuckle. At this key the phial may be 
charged; and from electric fire thus obtained, ir, 
may be kindled, and all the other electric experiments 
be performed, which are uſually done by the help of 
a ruhbed glaſs globe or tube, and thereby the ſameneſs 
cf the electric matter with that of Rn com- 
| pletelpxdednſirateds ns! now eien n f, 
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IN my former paper on this ſubject, written &rſt in 
1747, enlarged and ſent to Angland:in1749, I con- 
| fidered the ſea as the grand ſource of lightning, ima. 
gining its luminous appearance to be owing to electric 
fire, produced by friction between the. particles of 
water —_ thoſe of ſalt. Living far from the ſea, I 
had, then no opportunity of making experiments on the 
ſea water, and ſo embraced this opinion too haſtily. 
For in 17 50% and 275 being occaſionally/on the 
ſea-coaſt, I found, by experiments, that. ſea-water in 
a bottle, though at firſt it would by agitation appear 
luminous, yet in a few hours it loſt, that virtue; 
hence and from this, that I could not by agitating a ſo- 
lution of ſea-ſalt, in . produce any light, 2 


431017 4 
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began to doubt of my former hypotheſis, and to ſu⸗ 


Tpett that the luminous appearance in Tea water, muſt 
be owing to ſome other principles. 

I then conſidered whether it were not poſſible, that 
the | particles of Ar, beißg elektrics Ar ſe, might, in 
hard gales of wind, by their friction againſt trees, 
hills, build; ngs, &c. as ſo many minute electric globes, 
rubbing againſt non- electric cuſhions, draw the electric 
fire from the earth, and that the riſing vapours mi 
receive that\fire from the àir, 'ahd ck deine 120 
clouds become electrified. 

If this were ſo, I imagined that by forcing a conſtant 
violent ſtream of air againſt my prime conductor by 
bellows, I ſhould, ele&rify it negatively ; the rubbing 
particles of air, drawing from it part of its natural 
quantity of the electric fluid. 1 accordingly made the | 

Apen but it did not ſuccecd. 401 

In Sefttriber 1752, I erected an iron 0 0 Guse th 
lightning down inito'my houſe, in order to make ſome 
experiments on it, with two bells to give notice Wällen 

the rod ſhould be aearify'd' A denen ene Gros to 
8 way dleArician. . 19, Roch DRE rive 
I found che bells rang dels ae Wis n 
lightning or thunder, but only a dark eloud over the 
rod ; that ſometimes after à "flaſh' of ightning they 
would fuddenly top; and at other tämes, ven the 
had not rang before, they would, after a flaſh, 'fud- 
denly begin to ring; that the electritity was ſometimes 
very ” Bit, ſo that hen mall perl was obtained, 


anorher'could nee de got For ſoihe Gn after ; at other 
times 
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times the ſparks would follow extremely quick, and 
once I had a continual ſtream from bell to bell, the ſize: 
of a crow-quill : Even during as ſame guſt there were 
conſiderable variations. | 
In the winter following I ooritebvel an erperiment, N 
to try whether the clouds were electrified poſitively or 
negatively ; but my pointed rod, with its apparatus, 
becoming out of order, I. did not- refit/it till towards 
the ſpring, when I expected the warm weather would 
bring on more frequent thunder- clouds. 
The experiment was this: To tale two phials 
charge one of them with lightning from the iron rod, 
and give the other an equal charge by the electric glaſs 
globe; through the -prime - conductor: When charged, 
to place them on a table within three or four inches 
of each other, a ſmall cork” ball being ſuſpended by a 
fine filk thread from the cieling, ſo as it might play 
between the wires) If both bottles then were electri- 
fied' poſitively, the ball being attracted and repelled by 
one, muſt be alſo repelle@ by the other! If the one 
, and the other negatively; then the ball would 
be attracted and repelled alternately by each, and con- 
tinue to play between them as long any ' conſiderable 
IIS 0x2 yam ob gon crefliinviien 1 * 
Being very intent hs making this expats it 
was no ſmall .mortification- to me, that I h to 
bel abroad during two of the greateſt thunder ſtorms 
we had early in the ſpring, and thougk I had given 
orders in my family; that if the bells fung when I 


was from: home, they at catch ſome of ene light 


Dack T R | ning 


122 


ning for me in dectrical, phials, and thy. did ſo, et 
it Was moſtly diſſipated before: my return, and in ſome 
of: the, other guſts, the quantity of lightning L was, 
able to obtain was ſo ſmall, and: the charge ſo weak, 
that I could not ſatisfy: myſelf : Vet I ſometimes faw 
what. heightened, my - ſuſpicions, e rau: 
U 2 ii ho. batte pat 

Ats laſt, on; the lzthf of April, - 1753. than being « 
- ſmart; guſt of, ſame. continuance, I charged one | 
pretty well withjhghtning,..and-theofher equally, 4 
near as I; could judge, with electrieity from my glaſs 
globes and, having placed them properly, I beheld; 
with: great ſurprize ande pleaſpre, the cork! balt-play 
driſthy between them and . that. 9 | 
bottle Was electriſed nHHbͤ p 

Tacpntedthis experiment. feveralittioncs: e d 
guſt, and in: eight. ſuecerding guſtss always: with the 
— and being of apinion (for reaſono I fore! 
merly. gave in my letter to Mt. Kinntr fey; ſinoe printed 
in Londen)! that, the glaſs; globe electriſes ppfitiuely. I 
eoneluded that the clouds are a electriſed eg 
tively, ax; have always in dem jag than their nul 

quantity gf) the electrie fluzd;:-.! 1 350 Ys Alen 2g. 
1 Vet notwithſtanding ſo many experinatte-it onus 
lieg 260, om nifrcatalaſk, June the Oh. in a 
guſt which continued from frroio clock. P. M. to ſeven, 
Irmet with ane cloud that was electriſed: poſitively, = 
hi ſeveralithat( paſſed ora my rod; before, during 
guſt, Were in Ye ener Ehio1h86 
ae eee eg ben r ven od: 2 

OT nl 
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I had another concurring experiment, which J often 
repeated, to prove the negative ſtate of the clouds, 
'vis. While the bells were ringing, I took the phial 
charged from the glaſs globe, and applied its wire to 
the erected rod, conſidering, that if the clouds were 
electriſed pyſtively, the rod which received its electri- 
eĩty from them, muſt be ſo too; and then the addi- 
tional giti ue electrielty of the phial would make the 
bells ring faſter ; But, if the clouds were in a 
ive ſtate, they muſt exhauſt the electric fluid from ay 
rod, and bring that into the fame negative ſtate with 
themſelves, and then the wire of a poſitively charged 
Phial, ſupplying the rod with what it wanted, (which 
it was obliged otherwiſe to draw from the earth by 
wieans of the pendulous braſs ball playing between the 
two bells) the Anging' een nn __ 
* Mt 
In 'this cri x [quits »ifehargud: into ths 704 fove- 
: ral: Phials that! were charged from the glaſsglobe, the 
| deQric fluid reaming from the wire to the roc, till 
the wire would receive no ſpark from the finger; and, 
during this ſupply to the rod from 2 de belt 
* ringing; but by os the application of 
the phial wire to the rod; 1 vathavſtl the matural 
8 from the inſide ſurface of "the ume phäuls, 
„as T eat ir, charged them ng Oi 00 T 
At 3 
repeht this experiment; mye belle, df enem- 
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the charged phial to the rod, inſtead of the uſual ſtream 
that I expected from the wire to the rod, there was 
no ſpark; not even when I brought the wire and the 
rod to ztouch ; yet the bells continued ringing vigo- 
ouſly, which proved to me, that the rod was then pg/- 
tively electriſied, as well as the wire of the phial, and 
equally ſo; and, conſequently, that the particular 
cloud then over the rod, was in the ſame poſitive ſtate. 
This was near the end of the guſt. 

But this was a ſingle experiment, which, however, 
my firſt too general concluſion, and reduces 
me to this: That the clouds of a thunder-guft are moſt 
commonly in a negative fety electricity, ne in 
à pgiiti ve TT end ON. 3:4 5; 2 
The latter I belies. is rare; for though I fon, after 

the laſt experiment, ſet. out on a journey to Byſon, 
and was from home moſt part of the ſummer, which 
prevented my making farther trials and obſervations ; 
yet Mr. Kinnerfley returning from the, iſlands; juſt as I 
left home, purſued the experiments during my abſence, 
and — ne that de . found: the clouds. in 
the negative ſtate. | * 
So that, for the moſt part, in thunder-trokes,) a is 
| the earth that Arien into the re een en 
Arile into te cartb. 9 21 15 Wear. 

Thoſe who are verſed /in. wr Was Long will 
eafily conexive, that the effects and appearances muſt 
de nearly the. ſame in either caſe the ſame exploſion, 


and he ſame flaſh.. between | one cloud and angtherr 


6 Cc. the ſame 
rending 
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rending of trees, walls, &c. which the electric fluid 
meets with in its paſſage, and the ſame. fatal ſnock to 
animal bodies; and that pointed rods fix d on build- 
ings, or maſts of ſhips, and communicating with the 
earth or ſea, muſt be of the ſame ſervice in reſtoring 
the equilibrium filently between the earth and 7 N 
or in conducting a flaſh or ſtroke, if one ſhould. be, 
ſo as to ſave harmleb the houſe or veſſel : For points 
Fe equal power to throw off, as to draw gn tlie 
electric fire, and rods will conduct up as well as 
down. a — 14.41 ob 
But tho the light gained from theſe experiments 
W no alteration in the practice, it makes ,a conſi- 
derable one in the theory. And now; we as much need 
an hypotheſis to explain by what means the clouds 
become negatively, as before to en how: 12 became 
poſitively electrified. ns 4209 l . „ edioidn 
1 cannot forbear venturing, ſome, fem conjefures.on- 
this occaſion : They are what. occur ta me at, preſent, 
and though. future diſcoyeriey ſhould prove them not 
wholly right, yet they may in the mean time be of 
ſome uſe, by ſtirring up the curiqus to make more 
exp. ents, and occaſion 7 8 exact diſqniſitions, 
conceiye then, that this globe of earth and water, | 
with its plants, animals, A. buildings, 4 tfys d 
RO ut their ſubſtance, a AAR electric 
uid, juſt, as much as they, tan gontain, which, I.cal 
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not in the ſame kind of common matter in all eir cum- 
ſtaness; but a ſolid foot, for inſtance of one kind of 
common matter, may contain more of the electric 
fluid chan a ſolid foot of ſome other kind of common 
matter; and a pound weight öf dhe fue kind of 
common matter may, when in a rarer ſtate, dontain 
more of the electric fluid than when in denſer ſtate. 

Fer the electric fluid, being àattractet any C 
tion of common matter, the parts of that! FA 
have among themſelves a mutual repulſton) are brought 
ſo near to each other by the attraction of the Sh 
mätter hat abforbs them, as that their repulfion is 
equal to the conddenfing power of attraction in com- 
men matter; afid "then foch 11 N of tortithon mat 
ter Wb abſorb 466 more. 

*1/B&dies of differetit Minds Ari thus Aer etel and 
abſorbed what I call their natura u 1. e. juſt as 
must r We electric Maid as 16 Tulted/ to their tirtutm- 
ſtuntes of defi , Yarfty, and er bf urträcttug, tb 
not Hed HOW arty nge of” n mon ench 


other. Ait Mont 21! « 
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When: a: ſpange- is. ſomewhat condenſed” by being 
ſqueened between the fingers, it will not receive and 
retain ſo a water as when in Its more lage: and 
Open ſtate. let 3h 

If more ſqueez'd and nden ſome of the water 
will come out of its inner mg and flow on * * 
fore... : | 

If the prefſues of the ern is entirely WG 
the: ſpunge will not only reſume what was lately _ 
out, but attract an additional quantity. 41 

As the ſpunge in tits rarer ſtate will naturolhy attrac 
and abſorb; more water, and in its denſer ſtate: will; na- 
turally attract and abſorb: %% water; we may call the 
quantity it attacks and abſorbs in either ſtate; its 


ru quantity, the ſtate being: conſidered. Mf 16 eee 
Nowy what the ſponge 1s: to watir, dhe 8 
to the eletric fluidwꝓ. *# Hol 


When a portion after is in its * edenſh 
ſtate, it can hold no mort electric fluid than it has; 
Kran — 7977 it ſpreads on the ſurfac ser“ 

the] ſame portion of Water is rurefyd into 

ene, and — oboud, it is then capable of re- 
ving and abſorbing a much greater quantity y there 
2 dach particle to Baue an cker atmoſ- 

eee eine ene ee eee dee I 

Thus water, in Its rarefy d kate or in the fbrm o 
a cloufl will be in a negative ſtate of z it 
will have leſs than itt nau! ty ; th e, leſs 
than it le naturally dN of attructing and abforbiag 
. foal Ie ty vd ene 
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Such a cloud, then, coming ſo near the earth as to 
be within the ſtriking diſtance, will receive from the 
earth-a-flaſh of the electric fluid; which flaſh; to ſup- 
ply a great extent of cloud, muſt ſometimes contain | 

a very great) quantity of that fluid. | 

Or ſeach a cloud, paſſing over woods of tall trees, 
may from the points and ſharp edges of their moiſt 
top leaves, receive ſilently ſome ſupply, | 

A cloud being by any means fupply'd from the earth, 
may ſtrike into other clouds that have not been ſup- 
ply dy or not ſo much ſupplyd and thoſe to others, 
till an equilibrium is produced among all the clouds 
that are within ſtriking diſtance of each other. 
The cloud thus! fupply'd; 'liaving parted with much 
of what it firſt. ſreceiv d, may requite and receive a 
freſh-/ ſupply from the earth, or from ſome other 
cloud, which by the wind is brought into ſuch à ſitua- 
tion as to receive it more reaclily from the earth. 
- Hence repeated and continual ſtrokes and flaſnes 
till the clouds have all got nearly their natural quan- 

tity as clouds, or: till they have deſeended in ſhowers, 


N and are ee its en this W 44x can 
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a of electricity compar'd with the earth, agreeable to 


moſt of our experiments ; yet as by one experiment 
we found à cloud electriſed poſitively, I eonjecture 
that, in that caſe, ſuch cloud, after having received 
what: was, in its rare ſtate, only its naturul quantity, 
bereue compreſſed by the 1 winds, or ſome other 
* means, 
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means, ſo that part of; What it had abſorbed was: ſdiced 
out, and formed an electric ſatmoſphere around at in, 
its denſer Rate. Hetas it was capable of communi- 
cating poſitiye electricity 10 my rod... l b 
To ſhow that i body in different eireumſtances of 
ditatation and contraction is capable of receiyimg and 
retaiming more or loſs! af the electric fluid on its ſur- 
face, I would relate the following ex petiment. 1 
placed a cleam wine glaſt on the floor, and on it a 
ſmall ſilver can. lu the can I put about three yards 
of braſa chain; to one end of Which 1 faſtened à fille 
thread, which went right up to the cieling where it 
paſſed over, & pulley; and came dawn again to my 
hand, that I might at pleaſure draw the chain up out 
of). the can cextendunght till within a foot of the diel- 
ing, and let it gradually ſink into the can again 
From tlie: cieling, by another thread of fine raw ſilk, 
I ſuſpended a ſmall light lock of cotton, ſo as that 
when it hung perpendieularly, it came in contact with 
the ſide: ofuthe can. Then approaching the wire of a2 
charged vial to the can, I gave it a ſpark, Which 
flowed round in an electric atmoſphere; and ithe lock 
of cotton was repelled from the ſide of the can to the 
diſtance of: about nine or tem inches. The can would 
not then receive another ſparł from the) wire of: the 
vial; but as I gradually drew up the chain, the at- 
moſphere of the can diminiſhed by flowing over the AJ 
riſing chain, and the lock of cotton accordingliy drem +. 
nekrer. ande nearer to the can; and then, if L again 


n the vial wire near the can, it would receive 
vonne 8 another 


130 "New Experiments \and 
another ſpark, and the cotton fly off again ito} its. firſt 


diſtance and thus; as the chain was drawn higher, 
the can would oreceive more ſparks; becauſe: the can 
and extended chain were capable of fupponting a 
greater atmoſphem than the dan with the chain ga- 
thered up into its belly And that the 
round the can was diminiſnhetd by raiſing the chain, 
and increaſed again by loweritig iti is not: only! agres- 
able to creaſon, fince the atmoſphere of the chain muſt 
* be drawn from that of the can when it roſe, and re- 
3 turned doc t again when it fellʒ but was:alſo.evdent to 
1 the eye; the lock of cotton always approaching the 
dan when the cha was drawn up, and receding when, 

it was let down again d, -m 

Thus we ſee that inoreaſe of futface makes a body 

5 eapable of receiving a greater glectrie atmoſphere: But 

; | this experiment dds not, Io fally;demonſttate:my 
new hypotheſis; for the brals and ſibver ſtill cumtimie 

in their ſolid ſtate, and are not rareſied into vapour, 

as the Water is in clouds Perhaps ſame future expe- 

riments on vapoutized-water, may ſet this matter in a 

clearer light. NOLA LUI 1: AO Hd ct 

One 'ſheingly material objectioivariſes to the new 

and it is this: If water in its raveficd 
e a cloud, requires, and will abſorb more: of 


the electric fluid than when in its denſe ſtate as water, 
5 hy does it not acquire! from the earth all it wants 
= _ _at'the\inſtant of its leaving the ſurface, .while.it is yet 
1 near, and but juſt' riſing in vapour ? To this: diffi- 
| in on I cannot at N W 
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factory to myſelf: I thought, however, that I ought 
— its Eb n r and ſub- 
mit the whole to examination. qo aft 5 
And 1 would beg leave to 0 it to che cu- 
rious in this branch of natural philoſophy, to repeat 
with care and accurate obſervation, the experiments I 
have reported in this and former papers relating to 
poftiue and negative electricity, with ſuck. other rela- 
tive onts as ſhall occur to them, that it may be cer- 
tainly known whether the electricity eommunicated-by 
a glaſs globe, be really: pofitive.”. And alſo I would re- 
queſt all who may Have an opportunity of obſerving 
the recent effects of lightning on buildings, trees, &c. 
that they would conſider them - particularly with a 
view to diſcover the direction. But in theſe examina- 
tions; this one thing is abways to be: underſtogd, vis. 
that a ſtream of the electric fluid paſſing through 
wood, brick, metal, Cc. while ſuch fluid paſſes in 
full quantity, the mutually repulſive power of its 
parts is confined and overcome by the cbheſion of the 
parts of the body it paſſes through, ſo as to preyent 


an exploſion ; but hen the fluid comes in a quantity 


to great to be confined by ſuch eoheſion, it explodes, 
and rends or fuſes the body that endeavoured to con- 
ane it. If it be wood, brick, ſtone, or the like, the 
ſplinters will fly off on that fide where: there is leaft 
reſiſtance. And thus, * a hole is ſtruck through 
paſteboaàrd by the electrificd jar, e e the 
paſteboard are — eonfined or c there wall 
be a bur raiſed all round the hole on both fides the 
{ S 2 3 


4} 
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paſteboard; but if one ſide be confined; fo-that» the 
bur cannot be raiſed on that ſide, it will be all raiſed 
on the other, which way ſoever the fluid: was directed. 
For the bur round the outſide of the hole; is the effect 
of the exploſion every way from the center Nof _ 


— and not an effect of the direction. | 
In every ſtroke pf lightning, I am of opinjon that 
thi fired of che electric fluid; moving to reſtore the 
equilibrium between the cloud and the earth, does 
always previouſly find its paſſage,” and mark out, as I 
may ſay, its own coùrſe, taking in its way all the con- 
ductors it can find} ſuch as metals, damp walls, moiſt 
wood, Fc. and will go conſiderably but of a. direct 
courſe; for the ſake of the aſſiſtance of good con- 
ductors; and that, in this courſe; it is actually mov- 
ing, though filently and imperceptibly,- before the ex- 
ploſion, in and among the conductors; which :explo- 
ſton happens only when the conductors raunct diſ- 
charge it as faſt as they receive it, by reaſon of their 
being incomplete, diſ- united, toò ſmall;/ or not of the 
beſt materials for conducting. Metalline rods; there- 
fore of fufficient thickneſs} and extending i fim the 
Higheſt part of an edifice to the ground being of the 
beſt materials and complete conductors, will, I think, 
ſecure the building from damage, either by reftoring 
the — — fo faſt as to prevent a ſtroke; or by 
n in the ſubſtance of the rod as far as the 
rod goes, ſo that there ſnall be no exploſion but Nhat 
is abovt its point, between that and the clonds. 
$03 bil cnn e on 543 AO I; bohgt auf WT 
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If it be aſk'd; what thickneſs, of à metalline rod 
may be ſuppoſed ſufficient? In anſwer, I would re- 
mark, that five large glaſs jars, ſuch as I have de- 


ſcribed in my former papers, diſcharge a very great 
quantity of electricity, which nevertheleſs will be all 


conducted round the corner of a book, by the fine fil- 
leting of gold on the cover, it following the gold the 
fartheſt way. about, rather than take the fhorter courſe 
through the cover, that not being ſo good a conductor. 
Now in this line of gold, the metal is ſo extremely 
thin as to be little more than the colour of gold, and 
on an octavo book is not in the whole an inch ſquare, 
and therefore not the goth part of a grain, according 
to M. Reaumur; yet tis ſufficient to conduct the charge 
of five large jars, and how many more I know not. 
Now, I ſuppoſe a wire of à quarter of an inch dia- 
meter to contain about go0O0 times as much metal as 
there is in that gold line, and if fo, it will conduct 
the charge of 25,000 ſuch glaſs jarrs, which is a quan- 
tity; T| imagine; far beyond what was ever contained 
in any one ſtroke of natural lightning. But a rod of 
half an inch diameter would conduct four dung as 
much as. one of à quarter. 

And with regard to conducting, though a certain 
thickneſs of metal be required to conduct a great 
quantity of electricity, and. at the ſame time, keep 
its -own' ſubſtance frm; and unſeparated 5 and a leſs 
_ <quantity,/ as a very ſmall wire for inſtance, will, be 
deſtroyed by the exploſion; yet ſuch ſmall wire will 
have anßvrered the end of conducting that ſtroke, e. | 


VB 
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it become incapable of conducting another. And con- 
fidering the extreme rapidity with which the electric 
fluid moves without exploding; when it has à free paſ- 
lage, or compleat metal communication, I ſnould think 
a vaſt quantity would be conducted in a ſhort time, 
either to or from a cloud, to reſtore its equilibrium 

with the earth, by means of a very ſmall wire; and 
therefore thick rods ſhould ſeem not ſo neceſſary.— 
However, as the quantity of lightning diſcharged i in 
one ſtroke, cannot well be meaſured, and, in different 
ſtrokes, is certainly very various, in ſome much greater 
than others; and as iron (the beſt metal for the pur- 
Poſe, being leaſt apt to fuſe) is cheap, it may be well 
enough to provide a larger canal to guide that impe- 
tuous blaſt than we imagine neceſſary: For, though 
one middling wire may be ſufficient, two or three can 
do no harm. And time, with careful obſervations 
well compar'd, will at length Po ON we proper * 
f to greater-certainty. 

"Pointed rods erected on eifices —_ likewiſe often 
-prevent a ſtroke, in the following manner. An eye ſo 

fituated as to view horizontally the under ſide of a 
thunder cloud, will ſee it very ragged, with a number 


of ſeparate fragments, or petty clouds, one under 
_ "another, the loweſt ſometimes not far from the: earth. 


| Theſe, as ſo many ſtepping ſtories, aſliſt in conducting 
a ſtroke between the cloud and a building. To repre- 
ſent theſe by an experiment, take two or three locks 


of fine looſe cotton, connect one of them with the 
prime conductor by a fine thread of wo inches, (which 
may 
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may be ſpun out of the ſame lock by the fingers) ano- 
ther-to that, and the third to the fecond;--by like 
threads. Turn the globe, and you will ſee theſe locks 
ext! . towards the table, (as the lower 
ſmalt ctonds do towards the earth) being attracted by 
it: But on preſenting a ſhagp; point erect under the 
loweſt, it will ſhrink up to the ſecond, the ſecond to 
tha fabſt, aud all together, ta the prime conductor. 
where they will continue as long as the point con- 
tinues under them. May not, in like manner, the 
ſmall electriſed clouds, whoſe, equilibrium, with; the 
earth is ſoon reſtor'd by the point, -riſe up to the 
main body, and by that means occaſion ſo large a va- 
aue, as that the grand cloud cannot ſtrike 0 that 
lace? _ 
% Fila thoughts, my Z WE friend, are 1 many 'of tt 
5 and haſty; and if I were merely 9 
acquiring ſome reputation in fai I; _ to 
keep them by me, tall corrected and improy 
and farther experience. But ſince even 0 . 
imperfect experiments in any new branch of ſcience, 
being communicated, have oftentimes a good effect, in 
exciting the attention of the ingenious the 1 | 
and ſo become, the occaſion of more. 8 
and more compleat diſcoveries, you are. at lib 1 mw 
n this paper to whom you z it bei 
of. more importance that. knowledge would increa 
an that your find ſhould ** e e 
Philoſopher. 3 
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INCE nn laſt, IP Uh abroad on two 
long (Journeys, and otherwiſe much engag'd, 1 
ro made dut few obſervations on the poſitive and 
negative ſtate of electricity in the clouds. But Mr r. 
Kinnerfley kept his rod and bells in good order, and has 


| made many. Tate er 


Once this winter the bells rang a long! time, during ng 
à fall of ſnow, though no thunder was heard, or 
lightning ſeen, "Sometimes the flaſhes and cracks” of 
the electric matter between bell and bell were ſo large 


and loud as to be heard all over the houſe : but by all 


his obſeryations, the clouds were conſtantly 1 in a nega- 
tive ſtate, till about fix weeks, ago, when he found 
them once to change in a'few minutes from the nega- 
tive to the poſitive. About a fortnight after that, he 


made another obſervation of the ſame kind; and laſt 


Monday 


— 
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2 afternoon, the wind blowing hard at S8. E. and 
veering round to N. E. © driving elouds, 
there were five or ſix ſucceſſive changes from negative 
to poſitive and from poſitive to negative, the bells 
ſtopping a minute or two between every change. Be- 
ſides the methods mentioned in my paper of September 
laſt, af diſcovering! the electrical ſtate of the clouds, 
- following may be uſed, When your bells are 


ging, paſs, a rubb'd tube by. the edge. of the belh 
— ed with your pointed rad? if the cloud is then 


in a negative ſtate, the ringing will ſtop; if in a po- 
fitive ſtate, it will continue, and perhaps be quicker, 
Or, ſuſpend a very ſmall gork-hall by a fine ſilk thread, 
ſo that it may hang cloſe to the edge of the rod-bell: 
then whenever the bell is ele@rified, whether poſitively 
or negatively, — ball will be repelled, and con- 
tinue at ſome & from the bell. Have feady a 
round-headed glaſs ſtopper of a decanter, rub it on 
your ſide till it ie eledtrifiedy. then preſent in w the 
cork-ball. If the electricity, in the, ball e 
will. be-cepell'd.from the glaſs ſtopper es well as 

the; ball. If REI wage a * _ ee, ew 
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ig TR 1.8 Colibnken, mh . Fork, Dee. 4, 1783. 
'N conſidering the 'Abbe'Nollet's lettets to Mr. Fronk- 
1 21 am obliged to paſs by all the experitnents 
which are made With, or in; bottles Hermetically- ſealed, 


or exhauſted of air; becauſe, not being able to repeat 


dhe experiments, I could not ſecond any thing which 
_ occurs to me thereon, by experimental proof. Where- 


fore, the firſt point. wherein I can dare to give my 
opinion, is in the Abbe's 4th letter, p. 66, where he 
undertakes to prove, that the electric matter paſſes 
from; one ſurface to another through the intire thick- 


neſs of the glaſs: He takes Mr. Franklin's experiment 
of 
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of the magical picture, and writes thus of it. When 
you electriſe a pane of glaſs coated on both ſides 
« with metal, it is evident that whatever is placed on 
« the ſide oppoſite to that which receives the electri- 
« city from the conductor, receives alſo an evident 
electrical virtue,” Which Mr. Franklin ſays, is that 
equal quantity of electrie matter, driven out of this 
ſide, by what is received from the conductor on the 
other fide ; and which will continue to give an electri- 
cal virtue to any thing in contact with it, till it is 
entirely diſcharged of its electrical fire. To which the 
Abbe thus objects: Tell me, (ſays he) I pray you, 
e how much time is neceſſary for this pretended diſ- 
« charge? I can aſſure you, that after having main- 
« tained the electriſation for hours, this ſurface which 
« ought, as it ſeems to me, to be entirely diſcharged 
« of its electrical matter, conſidering either the vaſt 
% number of ſparks that were drawn from it, or the 
« time that this matter had been expoſed to the action 
e of the expulſive cauſe ; this ſurface, I ſay, appeared 
<« rather better electriſed thereby, and more proper to 
0 Produce all the ects of an e lefixic b 
The Abbẽ fans; not tell us what thoſe effects were, 
all the effects I could never obſerve, and thoſe that are 
to be obſerved can eaſily be accounted for, by ſuppoſing 
that ſide to be entirely deſtitute of electric matter. 
The moſt ſenſible effect of a body charged with elec- 
tricity is, that when you preſent your finger to it, a 
{park will iſſue from it to your finger: Now . 
„7 T 2 2 
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phial, prepared for the. Leyden experiment, is hung to 
the gun- barrel or — and you turn the 
globe in order to charge it; as ſoon as the electric 
matter is excited, you can obſerve a ſpark to iſſue from 
the external ſurface of the phial to your finger, which, 

Mr. Franklin ſays, is the natural electric matter of the 
glaſs driven out by that received by the inner ſurface 
from the conductor. If it be only drawn out by 
ſparks, a vaſt number of them may be drawn; but if 
you take hold of the external ſurface with your hand, 

the phiat will ſoon receive all the electric matter it is 
capable of, and the outſide will then be entirely deſti- 
tute of its electric matter, and no ſpark can be drawn 
from it by the finger: here then is a want of that 


effect which all bodies, charged with electricity, have. 


Some of the effects of an electric body, which I ſup- 
poſe the Abbẽ bas obſerved in the exterior ſurface of a 
charged phial, are that all light bodies are attracted by 
it. This is an effect which I have conſtantly obſerved, 
but do not think that it proceeds from an attractive 
quality in the exterior ſurface of the phial, but in 
thoſe light bodies themſelves, which ſeem to be at- 
tracted by the phial. It is a conſtant obſervation, that 
when one body has a greater eharge of electric matter 
in it than another (that is in proportion to the quan- 
tity they will hold) this body will attract that which 
has leſs : Now, I ſuppoſe, and it is a part of Mr. 
Franklin's ſyſtem, that all thoſe light bodies which ap- 
pear to be attracted, have more electric matter in them 
N 75 the * —_— of the phial has, wherefore 


they 
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they endeavour to attract the phial to them, which 
is too heavy to be moved by the ſmall degree of force 
they exert, and yet being greater than their -own' 
weight, moves them to the phial. The following ex- 
periment will help the imagination in conceiving this. 
Suſpend a cork ball, or a feather, by a ſilk thread, and 
electriſe it; then bring this ball nigh to any” fied 
body, and it will appear to be attracted by that body, 
for it will fly to it: Now, by the conſent of electri- 
cians, the attractive cauſe is in the ball itſelf, and not 
in the fixed body to which it flies: This is a ſimilar 
caſe with the apparant attraction of light bodies, to 
the external ſurface of a charged phial. wg 
The Abbe ſays, p. 69. that kis can electriſe a * | 
dred men, ſtanding on wax, if they hold hands, and 
if one of them touch one of theſe ſurfaces (the ex- 
terior) with the end of his finger :” This I'know he 
can, while the phial is charging, but after the phial is 
charged I am as certain he cannot: That is, hang # 
phial, prepared for the Leyden experiment, to the con- 
ductor, and let a man, ſtanding on the floor; touch 
the coating with his finger, while the globe is tutned, 
till the electric matter ſpews out of the hook of the 
phial, or ſome part of the conductor, wich I take to 
be the certaineſt ſign that the phiaP has rebeivet# all the 
electric matter it can: after this appears, let the tian, 
who before ftood on the floor, ftep b a cake of Wax, 
whete he may ſtand for hours, and; keg lobe all that 
time turned, and yet havt no a being elec- 
tritel. After the AR Ev levies 5e 8s 
above 
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abave * the hook of a phial prepared * the 
experiment, I hung another phial, in like manner 
prepared, to a hook fixed in the coating of the firſt, 
and held this other phial in my hand; now if there 
was any electric matter tranſmitted through the glaſs 
of the firſt Phial, the ſecond one would certainly re- 
ceive and collect it; but having kept the phials in this 
ſituation for a conſiderable time, during which the 
globe was continually turned, I could not perceive 
that the ſecond phial was in the leaſt charged, for 
when I touched the hook with my finger, as in the 
Leyden experiment, L did not feel the leaſt commation, 
nor perceive any ſpark to iſſue from the hook. 5 
I kewiſe made the following experiment: Haring 
charged two phials (prepared for the Leyden experi- 
N ment) through their hooks; two perſons took each 
one of theſe phials in their hand; one held his phial 
by the coating, the other by the hook, which he — 
do by remoying the communication from the bottom 
before he took hold of the hook. Theſe perſons placed 
themſelves one on each ſide of me, while I ſtood on a 
cake of wax, and took hold of the hook of that phial 
which was held by its. coating (upon which a ſpark 
iſſued, but the phial was not diſcharged, as I ſtood on 
wax) keeping hold of the book, 1 touched the coating 
of the phial that was held by its hook with my other 
hand, upon which there was a large ſpark to be ſeen 
between my Anger, and the coating, and both Phials 
were inſtantly. di charged. If the, Abbe's opinion be 
right,. . the exterior, ſurface, communicating: 17 8 : 
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the coating, is charged, as well as the interior, com- 
municating with the hook; how can I, who ſtand 
on wax, diſcharge both theſe phials, when it is well 
known I could not diſcharge one of them ſingly? Nay, 
ſuppoſe I have drawn the electric matter from both of 
them, what becomes of it? For I appear to have no 
additional quantity in me when the experiment is over, 
and 1 have not ſtirred off the wax: Wherefore this ex- 
periment fully convinces me, that the exterior ſurface 
is not charged; and not only ſo, but that it wants as 
much electric matter as the inner has of exceſs For 
by this ſuppoſition, which is a part of Mr. Franklin's 
ſyſtem, the above det 18 ane eee for, 
as follows: { e148] | MUTED 
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When 1 ſtand on wax, my body i is not ae of re- 
ceiving all the electric matter from the hodk'vf one 
phial, which it is ready to give; neither can it give as 
much to the coating of the other phial as it is ready 


to take, when one is only applied to me: But when 


d are ä the coa coating takes from me what the 
hook 
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hook gives: Thus I receive the fire from the firſt phial 
at B. the exterior ſurface of which is ſupplied from 
the hand at A: 1 give the fire to the ſecond phial at C, 
whoſe interior ſurface is diſcharged by the hand at D. 
This diſcharge at D may be made evident by receiving 
that fire into+the; hook of a third phial, Which is done 
thus: In place of taking the hook af the ſecond phial 
in your hand, run the wire of a third phial, prepared 
as for the Leyden experiment, through it, and hold this 
third-;phial in your hand, the ſecond one hanging to 
it, by the ends of the hooks run through each other: 
When the experiment is performed, this third phial 
receives the fire at D, and will be charged. When 
this experiment is conſidered, I think, it muſt fully 
prove chat the exterior ſurface of a charged phial 

F olerctric matter, while the inner ſurface has an 


ab worthy of notice in 
exp e 0 ig that I feel 
though to great a quantity d gbectric 
aſhes thivugh them pn Yonge + 'Ponly 
fefa . in the ends of my fingers. | 
me e Abbe has miſtook, when 
there is no difference between the ſhock ff 
forming. the Leyden experiment, and the N felt 
on drawing. ſimple ſparks; except that, of greater to 
leſs, In the laſt experiment, as much electric matter 
went through my arms, as would have given me a 
very ſenſible ſhock, had there been an immediate com- 
munication, by my arms, from the hook to the coat- 
ing waa ſame. Phial; becauſe when it was taken 


into 
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into a third phial, and that phial diſcharged fingly 
thro' my arms, it gave me a ſenſible. ſhock. If theſe 
experiments prove that the electrie matter does not 
paſs through the intire thickneſs of the glaſs; it is a 
neceſſary conſequence that it muſt always come out 
where it entered. 
The next thing I meet with is in the Abbe's fifth 
letter, p. 88, where he differs from Mr. Franklin, who 
thinks that the whole power of giving a ſhock is in 
the glaſs itſelf, and not in the non: electrics in contact 
with it. The experiments which Mr. Franklin gave to 
prove this opinion, in his Experiments and Obſervations 
on Electricity, Letter III. p. 24. convinced me that he 
was in the right; and what the Abbẽ has aſſerted in 
contradiction thereto, has not made me think other - 
wiſe. The Abbe. perceiving, as I ſuppoſe, that the 
experiments, as Mr. | Franklin had performed them, 
muſt prove his aſſertion ; alters them without giving 
any reaſon for it, and makes them in a manner that 
proves nothing. Why will he have the phial, into which 
the water is to be decanted from a charged phial, held 
in a man's hand? If the power of giving a ſhock is in 
the water contained in the phial, it ſnould remain there 
tho decanted into another phial, ſince no non. electric 
body touch'd it to take that power off. The phial 
being placed on wax is no objection, for it cannot take 
the power from the water, if it had any, but it is a 
neceſſary means to try the fact; whereas, that phial's 
being charged when held in a man's hand, only proves 


that water will conduct the electric matter. The Abbe . 
41+" U ___ owns, 


4 
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owns; þ. 94, that he had heard this remarked; but 


ſays,” Why 1s not a conductor of electricity an electric 


ſubject? This is not the queſtion; Mr. Franklin never 
ſaid that water was not an electric ſubject; he ſaid, 
that the power of giving a ſhock was in the glaſs, and 
not in the water; and this, his experiments fully 
prove; ſo fully, that it may appear impertinent to 
offer any more: Vet as I do not know that the follow - 
ing has been taken notice of by any body before, my 
inſerting of it in this place may be excuſed. It is 
this: Hang a phial, prepared for the Leyden experi- 
ment, to the conductor, by its hook, and charge it, 
which done, remove the communication from the bot- 
tom of the phial. Now? the conductor ſhews evident 
ſigns of Wang electriſed; for if a thread be tied round 
it, and its ends left about two inches long, they will 
extend themſelves out like a pair of horns; but if you 
touch the conductor, a ſpark will iſſue from it, and 
the threads will fall, nor does the conductor ſhew 
the leaſt ſign of being electriſed after this is done. 1 
think that by this touch, I have taken out alt the 


charge of electric matter that was in the conductor, 


the hook of the phial, and water or filings of iron con- 
tained in it; which is no more than we ſee all non- 


electric bodies will receive: yet the glaſs of the phial 


retains its power of giving a ſhock, as any one will 
find that pleaſes to try. This experiment fully evi- 
dences, that the water in the phial contains no more 
electric matter than it would do in an open baſon, 


and Has! not any of. MW which produces 
the 
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the ſhock, and is only retained by the glaſs. If after 
the ſpark is drawn from the conductor, you touch the 
coating of the phial (which all this while is ſuppoſed 
to hang in the air, free from any non-electrio body) 
the threads on the conductor will inſtantly ſtart up, 
and ſhew that the conductor is electriſed. It receives 
this electriſation from the inner furface of the phial, 
which, when the outer ſurface can receive what it 
wants from the hand applied to it, will give as much 
as the bodies in contact with it cam receive, or, if they 
be large enough, all that it has of exceſs. It is dil 
verting to ſee how the threads will riſe and fall by 
touching the coating and conductor of the phial alter- 
nately. May it not be that the difference between the 
charged ſide of the glaſs, and the outer or emptied ſide, 
being leſſened by touching the hook or the conductor; 
the outer ſide can receive from the hand which touched 
it, and by its receiving, the inner ſide cannot retain 
ſo much; and for that reaſon ſo much as it cannot 
contain electriſes the watet, or filings and conductor t 
For it ſeems to be a rule, that the one fide muſt be 
emptied in the ſame proportion that the other is filled: 
Though this from experiment appears en yer at - 
is ſtill a myſtery not to be accounted for. 

IJam in many places of the Abbes bock apitel 
to find. chat experiments have ſucceeded ſo differently 
at Paris, from what; they did with Mr. Franklin and 
as I have always obſerved them to do- The Abbé, in 
making experiments to find the difference between the 
two ſurfaces of a u . will not Have the phial 
21 11 wk | DO al id! IRE 
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placed on wax: For, ſays he, don't you know that 
being placed on a body originally electric, it quickly 
loſes its virtue? I cannot imagine what ſhould have 
made the Abbẽ think ſo; it certainly is contradictory 
to the notions commonly received of electrics per /e ; 
and by experiment I find it entirely otherwiſe: For 
having ſeveral times left a charged phial, for that pur- 
poſe, ſtanding on wax for hours, I found it to retain 
as much of its charge as another that ſtood at the 


ſiame time on a table. I left one ſtanding on wax 


from ten o'clock at night till eight next morning, 
when, 1 found it to retain a ſufficient quantity of its 
charge, to give me a ſenſible commotion in my arms, 
though the room in which the phial ſtood had been 
ſwept in that time, which muſt have raiſed much duſt 
to facilitate the diſcharge of the phial. 
I find that a cork - ball ſuſpended between two bot- 
tles, the one fully and the other but little charged, 
will not play between them, but is driven into a ſitua- 
tion that makes a | triangle with the hooks of the 
phials: though the Abbé has aſſerted the contrary. of 
this, p. 101, in order to account for the playing of a 
cork· ball between the wire thruſt into the phial, and 
one that riſes up from its The phial which 
is leaſt charged muſt have more electric matter given 
to it, in rr 
ceives from the hock of the full phial. 
The Abbẽ ſays, p. 103, „that a Pede of motel leaf 
« hung to a ſilk thread and electriſed, will be repelled 
* by the bottom of a charged phial held by its hook 
in the air:” This I find conſtantly otherwiſe, it in | 
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with me always firſt attracted and then repetted : It is 


neceſſary in charging the leaf to be careful, that it 
does not fly off to ſome non- electric body, and fa diſ- 
charge itſeif when you think it is charged; it is f- 
ficult to keep it from flying to your own wriſt, or to 
ſome part of your bod. 

The Abbe, p. 108, ſays, that it is not impoſſible, 
* as Mr. Franklin; ſays it is, to charge a phial while 
e there is a communication formed between its coat- 
„ ing and its hook.” I have always found it impoſ- 
ſible to charge ſuch a phial ſo as to give a ſhock: In- 
deed if it hang on the conductor without a commu- 
nication\ffom”it;you may draw ſpark from tus you 
may from any body that hangs there, but this is very 
different from being charged in ſuch a manner as to 
give a ſhock. Phe Abbe, in order to necount 'for the 
little quantity of electrie matter thut ad to be found in 
the phial, ſays, „that it, rather) follows the, metal than 
« the glaſs, and that it is ſpewed out.jnto the gir from 
te the coating of the phial,” I wonder how it comes 
not to do ſo too, when it ſifts through the glaſs, and 
charges the exterior ſurface, according to the Abbe's 
ſyſtem | CUAMAISATIX A A 

The Abbe's objections againſt Mr. Franklin's two 
laſt experiments, I think, have little weight iu = 
He ſeems, indeed, much at à loſs what to ſay; wwherg 
fore he taxes Mr.  Frant/in with having gomcealed a 


material part of the experiment; a thing toolmnean 
for any gentleman to be charged with, Who has not 
ſnewn as great à partiality in relating experiments, as 
the Abbe has done. | 
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2 KUAY CIRC, 24595 by 46 GO. 50 
ROM the citing; ar! ary convenient part of a 
room, let two cork- balls, each about the cbigneſs 
| Xn Gail pea, be ſuſpended. by linen threads of eight 
or nine inches in length, ſo as to be in contact with 
each other Bring the excited glaſs: tube- under the 
balls) and they will be ſeparated by it, when bald at 
8 Hoh eh d his 


- 


IMA rA. 
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the diſtance of three or four feet; let it be brought 
nearer, and they will ſtand farther apart; intirely 
withdraw it, and they will immediately come together. 
This experiment may be made with very ſmall braſs 
balls hung by ſilver wire; and will ſucceed as well 
with ſealing- wax made electrical, as with glaſs, 


mY "EXPERIMENT 1 
If two cork- balls be ſuſpended by dry ſilk ORE 


the excited tube muſt be brought within eighteen 


inches before they will repel each other; which they 
will continue to do, for ' ſome. d after my tube 1s. 


taken away. 


As the balls in the feſt e are not inlolated 


they cannot properly be ſaid to be electrified: but 
when they hang within the atmoſphere of the excited 
tube, they may attract and condenſe the electrical 
fluid round about them, and be ſeparated by the re- 

on of its particles. It is conjectured; alſo, that 
the balls at this time contain leſs than their common 
ſhare of the electrical fluid, on account of the repel- 
ling power of that which ſurrounds them; though 
ſome, perhaps is continually entering and paſſing 


through the threads. And if that be the caſe, the 
reaſon is plain why the balls hung by ſilk, in the ſe- 


cond experiment, muſt be in a much more denſe part 
of the atmoſphere of the tube, before they will repel 
each other. At the approach of an excited. ſtick of 
wax to the balls, in the firſt experiment, the electri- 


cal fire is ſuppoſed to come * 13 threads into 


24 8 
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the balls, and be condenſed there, in its paſſage 
towards the wax; for, according to Mr. Franklin, 
excited glaſs emits tho: electric: _ but excited: Wax 


receives ĩt. f 
EXPERIMENT l 


* a tin "tha of four or — Pe in bunch, anc 
about two inches in diameter, be inſulated by ſilk, and 
from one end of it let the cork-balls be ſuſpended by 
linen threads. Electrify it, by bringing the excited 
glaſs tube near the other end, ſo as that the balls may 
ſtand an inch and an half or two inches a- part: 

Then, at the approach of the excited tube, they will, 
by degrees, loſe their repelling power, and come into 
contact; and as the tube is brought ſtill nearer, they 
will ſeparate again to as great a diſtance as before: In 
the return of the tube they will approach each other 
till they touch, and then repel as at firſt. If the tin 
tube be electrifled by wax, or the wire of a charg d 
— the balls will be affected in the ſame manner at 

2 4 aße bs" or the wire of the 

phil. e eee 


„ eier IG 


Blectrify the cork-balls; as in the laſt experiment, 
1» glaſs, and at the approach of an excited tick of 
Wc their repulſion will be increaſed,” The effect will 

be ty Un, if the excited glaſs be brought towards 
them; \ they have ou OTE on wax. #444 


wher QI 
Y, 
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ts The bringing che excited glaſs to the end) or edge 
of the tinttube, ain the: third experiment, is: ſuppoſed 
to electrify it poſitively, or to add to the electrical fire 
it before contained F arid there ſore Tome will be run- 


nin wough | the . balls, and they will , repel. each 
Hh Eb hex, will reps 


| at the a bproach of e glaſs, Which 
Uke ile emits Mg i Acal fluid, ud, oh e diſcharge of it 
Mn "the balls” y 11 be“ diminiſhed '; or part will be 
4 back, by a 1 " me acting i in A contrary direction F 
Arid ies af” Als riearer together, If the tube, be | 
held At; ch A diffarice from, the balls, that the excels 
bf the! hn hom of bn tld. round about | them, 'abovs 
the” come ; ece b 
the dale t r 1 the TIER thei, ab oy the, or 
Jae þ . An Fork, their pullign will by 
- v # ther jy, 1 5 A the 1 95 W = 
We u hout, bel eaſe: than that, Within 
the dalle it wir Ss, oi i het They \ a 
recede from — other — who ITS 
When prune Of of its natural 
ſhare of | fluid! by the pci excited wax to 
one: end dof it, ori is glefivifiedoriegativelyy) tho eledtri. 
tůll fire is attracted and ãmbibei by the balls to ſuppi 
the -tleficiency.; and that mote plentifully at theiaps 
ptonch of | excited. glaſs!» org) chody poſitorely alectriq 
fied; than before; whence: the: diſtanca between. the 
balls will be creaſed, as the fluid) ſurrounding therm 
2 And an general, Whether by the ap. 
pronch or. reteſa of any body; if hal difference be- 
tweem the denſity of „— 
.baJdsits increaſed, | 
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inereaſed or diminiſhed; the repulſion of che balls 
will be „ or diminiſhed; 8 TIE 


1 454.14) 'T Phe 7 44; (lovigut: F Mie 


en 4 lliR Kik E. R LM ENT: M 4 


whit the nſu lated tin-tube ig not. eleftri of 
60 excited 8 als $\ tub o towards' 15 5 beg 'y 7 


to be. ten 5 at right-angles, with 
129 end. W 10 other; 785 Me oy 


rxcite "fy be. is broug 4 nearer, P ny, it 15 15 
he Id a ov 12 , at 1 0 di ce, of abe bout ſb 87 * 

0 it,” and Ihe ba alls will Approa ch. Fagh, of 

19 th 1 in panting c 1 95 ube 
| move farther ens * continye . when by 
Fu quite Away. d this repy 155 No, 
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iItdulave! two tin tubeb, Uiſtinguillzed by ef und- B; 
©@gtoobe.in ſa line with each other, and about half 
an inch apart; and lat the rremdte bend: of tach let 4 
paif uf gorkballs Her ſliſpemede Tobrarde the middle 
of A, bring the eited aſo tube, and holding ita 

mort time at the diſtamet vf a fem inches, each phid 
of balls will be obſerued ti ſepatats: withdraw-ahe 
tube, ande the balls of A will p ,landaxhen 
| NW ab Bi will hardly-be 
hoteoTont SY affected. 
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affecind, | By. the approach of the excited glaſs tube, 
held ks the balls of 4, their repulſion will be in- 
creaſed: but if the tube be brought, in the ſame man- 
ner, towards the balls of B, cheir mung will; be 
diminiſhed. 

In the fifth. netten the common Rock ofiiales 
trical matter in the tin»tube; is ſuppoſed to be attenuated 
about the middle, and to be condanſed at the ends, by 
the repelling power of the atmoſphere of the, exeited 
glaſs tube, when held near it. And perhaps the! tin- 
tube may loſe ſome of its natural quantity ' of. the 
electrical fluid, before it receives any from the glaſs ; 
as that fluid will more readily run off from the ends 
and edge of it, than enter at the middle: and àccbtłd- 
ingly, when the glaſs tube is withdrawn, and the fluid 
is again; equally diffuſed through the apparatus, it is 
found to be electried negatively: For excited glaſs 
brought under the balls will increafe their repulſion. 
In: the ſixth experiment, part of the fluid driven aut 
of one tin- tube enters the other; which: is found to 
be electrified poſitively, by the decraaſing of the repul · 
| Tan of its ue at the 2 of excited Zlaſs. 
0 11 '£ s eil 
rn EXPERIMENT Aal (BEFDO 
fy Lhe dates with a paie-of-bally at one end, 
be placed three feet at leaſt from any part of the roam, 
and the air rendered very dry by means of a fire: ele- 
trify the apparatus to 4 degree; then 
touch the tin- tube with a finget, or any other con- 
ductor, and the balls * 2 


31:1 0 


to repel each other 3 though not at ſo great a diſtance 
bereden, & 10 ell efly jonny bi 
The air farroundidg the apparatus to the- diſtance 
of two or three feet, is ſuppoſed to contain more or 
leſs of the electrical fire, than its common ſhare, as 
the tin tube is electriſied poſitively, ot negatively ; kind 
when very dry, may not part with its overplus, or 
have its deficiericy "ſupplied | fo! ſuddenly, as the tin; 
but may continue to be electrified, after RY w_ bane 
touched ene er DIO e 
un e " y10EUDP I. 1 e eien en 
(Fg E X PE R IMENT VIM. P1408 
SDN? gat mon Ho HIT. RTE Mn ig} & 
Having made the Torticellian vuluuth about five 
teet long, after the manner deſeribed in the Philoſophi- 
cal 'Tranſuftions, Vol. xlvii. p. 370. if the excited tube 
be brought within a ſmall diſtance of it, a light will 
be ſeen through more than half its length; Which 
ſoon vaniſhes, if the tube be not brought nearer; but 


may 8 ſeveral times, ne exciting he 
tube ar n. lid . 20/1108 

This experiment may be eee as a kind of 
ocular deinonſtration of the truth of Mr. Franklin's 


hypotheſis; that when the electrical fluid is condenſed 


om one fide of thin glaſs, it will be repelled from the 
other; if it meets with no reſiſtance. According to 
which; at the approach of the excited tube, the fire is 
ſuppoſedꝭ to be repelled: from the inſide of the glaſs 


ſurcounding the babu,IL, and to be carribd off through | 
87 b R N ä the 


Will appear again, as that is moved farther off. This 


i 
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the columns of mercury; but, as the tube is with- 
nen, the fire is ſuppoſed to return. 


EXPERIMENT IX. 


135 We an excited ſtick of wax, of treo Feat and, an 

half in length, and about an inch in diameter, be 
held near its middle. Excite the glaſs tube, and draw 
it over one Half of it; then, turning it a little about 
its axis, let the tube be excited again, and drawn over 
the ſame half; and let this operation be repeated ſeveral 
times: then will that half deſtroy the repelling power 
of balls electrified by glaſs, and the r * will 
increaſe it. 

By this experiment it appears, that wax alſo may be 
electrified: poſitively and negatively. And it is proba- 
ble, that all bodies whatſoever may have the quantity 
they contain of the electrical fluid; increaſed; or di- 
miniſhed. : The clouds, I have obſerved; by a great 
number of experiments, to be ſome in a poſitive, and 
others in a negative ſtate of electricity. For the cork- 
balls, electrified by them, will ſometimes cloſe at the 
approach of excited glaſs; and at other times be ſe- 
parated to a greater diſtance. And this change I have 
known to happen five or ſix times in leſs than half an 
hour; the balls coming together each time, and re- 
maining in contact a few ſeconds, before they repel 
each other again. It may likewiſe eaſily be diſcovered; 
by a charged phial, whether the electrical fire he drawn 
out of the apparatus by a negative cloud; or forced 
WM 1. into 
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inta it by u poſitive:one: and by: which ſoever it be 
electrified, ſhould that eloud either part with its over - 
plus, or have its deficiency ſupplied ſuddenly, the ap- 
paratus will loſe its electricity: which is frequently 
obſerved to be the caſe, immediately after a flaſh of 
lightning! Vet when the air ie very dry, the appa- 
ratus will continue to be electiiſed for ten minutes, or 
4 quarter of an hour, after the clouds have paſſed the 
zenith; and fometimes till they appear mote than half - 
wuy towards the horizon. Rain, eſpecially when tha 
drops are large, generally brings down the electrical 
fire: and hail, in ſummer} I believe never fails; When 
tho apparatus was laſt electrifled, it was by the fall of 
thawing ſnow, which happened ſo lately, as on the 
rath of (November z that being the twenty - ſixth day, 
and ſixty- firſt time, it has been electrified; ſince it was 
firſt ſet up which was about the middle of May. And 
as Fubrenbeits thermometer was but ſeven degrees above 
freezing, it is ſuppoſed the winter will not intirely put 
a ſtop to obſervations of this ſort. At Londan, u 
more than two thunderſtorms. have happened during 
the whole ſummer; and the apparatus was ſometimes 
ſo ſtrongly electriſied in one of them, that the bells, 
which have been frequently rung by the clauds, ſo 
loud as to be heard in every room of the houſe (the 
doors being open) were ſilenced by the almoſt eonſtant 
ſtrxam of denſe electrical fire; between each bell and 
the braſs: ball, which' would not ſuffer it to ſtrike. 
I mall conclude this paper, already too long, with 
dae Following queries: „„ 
orn. 1. May 
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1. May not aig, ſuddenly i rarefied, give electrical 
fire to, and air ſuddenly condenſed, receive electrical 
fire from, elouds and vapours paſſing through it? 

2. Is not the aurora borealts, the NS, of . 


cal fire from poſitive, towards negative, 
great dittance, through LE” park. AS the ime! 
e Where e elt ance is 
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* AW Aa dg to Met Collin- 
11 3 5 mentioned bis intending te try the power 
of a vety ſtrong electrical begs un a Tk, that 
_ gentleman accordingly Bas been fo Baß obliging as to 
ſend an account of it, which is to the following 
purpoſe. 

He made firſt ſeveral experiments on fowls, and 
found, that two large thin glaſs jars gilt, holding 
each about ſix gallons, . were ſufficient, when fully 

charged, to kill common hens outright ; but the 
turkeys, . though thrown into violent convulſions, and 
then lying as dead for ſome minutes, would recover 
in leſs than a quarter of an hgur. However, having 
added three other Tach.1$the formite zwo, though not 
fully charged, h ien 3 * of About ten pounds 
weight, and believe tit, er Feu have Killed a 
much larger. He, cone i ſays, that the 
birds killed in this b tender. 
es © making theſe experiments, he found, that a man 
could, without great detriment, bear a much greater 
ſhock than he had imagined : for he inadvertently re- 
ceived the ſtroke of two of. theſe jars through his 
arms and body, when they were very near fully charged. 
It ſeemed to him an univerſal blow throughout the 
boch from head to foot, and was followed by a violent 
quick trembling 1 in the trunk, which went off gra- 
dually 
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dually in a few ſeconds. It was ſome minutes before 


he could recolle& his thoughts, ſo as to know what 


was the matter; for he did not ſee the flaſh, though 


his eye was on the ſpot of the prime- conductor, from 
whence it ſtruck the back of his hand; nor did he 
hear the crack, though the by-ſtanders ſaid it was a 
loud one; nor did he particularly feel the ſtroke on 
his hand, though he afterwards found it had raiſed a 


ſwelling there, of the bigneſs of half à piſtol-bullet. 


His arms and the back of the neck felt ſomewhat 
numbed the remainder of the evening, and his breaſt 
was ſore for a week after, as if it had been bruiſed. 


From this experiment may be ſeen the danger, even 


under the greateſt caution, to the operator, when 
making theſe experiments with large jars; for it is 
not to be doubted, but ſeveral of theſe fully charged 
would as certainly, by, 1 4 them in proportion 
to the ſize, Kill a ma, as th fore * a eh. 
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Eutornica, Rxbirieewrs mods in Purſue of 
_ thoſe made by Mr. Canton, dated December 6, 

5 1 with Eee * Ms. epi 

0 e 1 5 1. 
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5 Naa a ets © th [2712.2 en DY | 
Rant the Rl J. LECTRIC CO that = 
EET: E. round non- electric bodies, being 


brought bar thy other, do not readily mix and unite. 
into one atmoſphere, bar remain ſeparate, and repel 


each other. 
This 1s” plainly. ſeen in Fuſpended cork-balls, and 


other bodies electrified. x 

II. An electric atmoſphere not SOM repels another 
electric atmoſphere, but will alſo repel the electric 
matter contained in the ſubſtance of a body approach- 
ing it; and, without joining or mixing with it, force 
it to other * of the body that * it. 


This 
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This is ſhewn by ſome of the following experiments. 
III. Bodies electrified negatively, or deprived of their 
natural quantity of electricity, repel each other, (or 
at leaſt appear to do ſo, by à mutual receding) as well 
as thoſe 'electrified 8 or which Bavy eleAric | 
atmoſpheres. 1 

This 1s ſhewn by applying the negatbvely charged 
wire of a phial to two cork-balls, ſuſpended. by filk 
threads, and by many other experiments. 


"PREPARATION. © 5 


Fix a taſſel of fifteen or twenty threads, threę inches | 

long, at one end of a tin prime-conductor, (mine is 

about five feet long, and four inches diameter) ow 

Pet by filk lines. | 
Let the threads be a little damp, but not wet, 


2 Lire 1 1 CH 


BXPERIMENT "a 


Poſe an excited glaſs tube near the We HEY 1 ihe 
conductor, ſo as to give it Jon * and the threads 
will diverge. 


Becauſe each thread, as s well as the n 
bas acquired an electric atmoſphere, which fepels and 
is repelled by the atmoſpheres of the other threads: 
if thoſe ſeyeral atmoſpheres, would readily. mix, ge 
threads might. unite, and hang in the middle: of o 
W common to them all. | 
. Rub 
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Rub the tube afreſh, and approach the prime-conduttor there 
with, croſsways, near that end, but not nigh enough to 
"give ſparks; and the threads will diverge a little more. 


- Becauſe. the atmoſphere of the prime- conductor is 
preſſed by the atmoſphere of the excited tube, and 
driven towards the end where the threads are, by 
which each thread acquires more atmoſphere. 


Withdraw tbe tube, and they will chſe as much. 


They cloſe as much, and no more; becauſe the 
atmoſphere of the glaſs tube not having mixed with 
the atmoſphere of the prime-conduttor, is withdrawn 
intire, having made no addition to, or diminution 


from it. 

Bring tbe excited tube under * tuft of. threads, and they 
i choſe à little. | | 
They cloſe, becauſe the atmoſphere of the glaſs tube 

repels their atmoſpheres, and drives part of them back 

on the prime- conductor. N 

Withdraw it, and they will diverge as much. 

For the portion of atmoſphere which they had loſt, 

returns to them again. | 


EXPERIMENT II. 
Excite the 80 tube, and approach the prime- conductor with 
it, bolding it acroſs, near the end oppoſite to that on which 
the threads hang, at the diſtance of five or fix inches. 
Keep it there a few ſeconds, and the threads of the taſſels 
will droerge. Withdraw it, and they will chſe. "+. "oe 

| They 
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They diverge, becauſe they have received electric at- 
moſpheres from the electric matter before contained 
in the ſubſtance of the prime- conductor; but which 
is now repelled and driven away, by the atmoſphere 
of the glaſs tube, from the parts of the prime-con- 
ductor oppoſite and neareſt to that atmoſphere, and 
forced out upon the ſurface of the prime- conductor 
at its other end, and upon the threads hanging thereto. 
Were it any part of the atmoſphere. of the glaſs tube 
that flowed over and along the prime- conductor to the 
threads, and gave them atmoſpheres, (as is the caſe 
when a ſpark is given to the prime- conductor from 
the glaſs tube) ſuch part of the tube's atmoſphere would 
have remained, and the threads continue to diverge; - but 
they cloſe. on withdrawing the tube, . becauſe the tube 
takes with it all its own atmoſphere, and the electric mat- 
ter, which had been driven out of the ſubſtance of the 
prime- conductor, and formed atmoſpheres round the 
threads, is thereby permitted to return to its place. 


Tale a ſpark from the pri :me-conduffor near the threads, 
when they are diverged as before, and they * will choſe.” 


© For by ſo doing you take away their mon 
compoſed of the electric matter driven out of the ſub- 
ſtance of the prime- conductor, as aforeſaid, by the re- 
pellency of the atmoſphere of the glaſs tube. By taking 
this ſpark you rob the prime- conductor of part of its 
natural quantity of the electric matter; which part ſo 
taken is not ſupplied by the glaſs tube, for When that 
is a * it takes with it its whole. at- 
moſphere 
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: 46 and leaves the prime- conductor electriſed 
negatively, as appears by the next operation. | 


Then withdraw the tube, and they will open again. 


For now the electrie matter in the prime- conductor, 
returning to its equilibrium, or equal diffuſion, in all 
parts of its ſubſtance, and the prime- conductor having 
loſt ſome of its natural quantity, the threads connected 

with it loſe part of theirs, and ſo are electriſed nega- 
tively; and therefore repel each other, by Py. III. 


Approach the prime- conductor with. the tube near the ſame 
Place as at firſt, and they will cloſe again. 


' * Becauſe the part of their natural quantity of eleAric 
Avid, which they had loſt, is now reſtored to them 
again, by the repulſion of the glaſs tube forcing that 
ſtuid to them from other parts of the prime-conduttor ; 
ſo they are now again in their natural ſtate.” | 


Withdraw it, and they will open again. 


For what had been reſtored. to them, is now taken 
from them again, flowing, back into the prirpe-con- 
ductor, and leaving them once more electriſed nega- 
tively.” | 


| Brig the exe tk nd he cited, and ly will 4 


der ge More. 201 


Becauſe more oy ihe ara quantity 10 a 
from them into the prime- conductor, a and eff 
their negative electricity increaſed. 

2911 en ; E * P E- 
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| EXPERIMENT Ill»... 
The prime-conduttor not being clecvified, bing. the died 
tube under the taſſel, and the threads, will diverges © © 

Part of their natural quantity is thereby driven out 


of them into the prime- conductor, and they become 
negatively, electriſed, and therefore repel each other. 


ding the tube in the ſame place with. ons bend, 


ala 
to touch the threads tuilhᷣ the e thi other- 
they will. recede from the finger. Y "IF 9 20 


"y 
Becauſe the finger being Wy) fins We 
of the'glaſs tube, as well as the threads, part of its 
natural quantity id driven back through thi hand and 
body, by that atmoſphere; and the finger becomes, as 
well a8 tho threads, negatively electriſed, and ſo ropels, 
and is repelled by them. To confirm this, hold u 
ſlender light lock of cotton, two or three inches long, 
near a prime conductor, that is electriſied by a glas 
globe, or tube. Yow will ſee the cotton ſtreteh itſelf 
gut towards the prime- conductor. -Att to touch 
it with the finger of the other hand, and it will 1 


repelled by the fingers A ch it with a poſi 


charged wire of a bottle, and it will fly to N — 

Bring it near a negatively charged wire — — in 

will recede from that wire in the ſame manner that it 

did from the finger; which demonſtrates tit finget to 

be negatively Teal, as well. as the logknof! cotton 

ſo NT." $1215b bt -. vil) de & oth 307 2 
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Extra? of a Letter concerning Elefricity, from 
Mr. B. Franklin, 7 Mon/. D'Alibard, at 
Paris, incliſed in a Letter to Mr. Peter Col- 
wy F. * alk 


2 


4 | Philapbie, N 29, 1755. 


Read at the Royal V 0 U deſire my opinion of Pere KG 


Society, Der. | 
hy 8. 9 caria's Italian book *. I have read 


it with much pleaſure, and think it one of the beſt 
pieces on the cabjedt that I have ſeen in any language. 
Vet as to the article of water-ſpouts,: I am not at pre- 
ſent of his ſentiments; though I muſt own with you, 
that he has handled it very ingeniouſly. Mr. Collinſan 
has my opinion of whirlwinds and water-ſpouts at 
large, written ſome. time ſince. I know not whether - 
they will be publiſhed; if not, 1 will get them tran- 
ſeribed for your peruſal. It dees not appear to me 
that Pere Beccaria doubts of the: abſolute impermeability 
of glaſs in the ſenſe I meant it; for the inſtances; he 
gives of holes made through | glaſs by the electric 
ſtroke, are ſuch as we have all experienced, and only 
ſnew that the electric fluid could not paſs without 
— a no In * ſame manner we ſay, glaſs Wi 


at bn 


oth bs inen he to Mr, Franklin's tear, 
an = * N Which compoſe the .A. rts 151 
Was ſtaliun at n 4 1 the 
bb in defench of d Donkin tm, 

4 | Impermeabl 


\ 
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impermeable to water, and yet a ſtream from a fire-", 
engine' will force 'through the ſtrongelt panes of a 
window, | As to the effect of points in drawing the 
electrie matter from clouds, and thereby ſecuring 
buildings, Ge. which, you ſay, he ſeems to doubt, 1 
muſt own I only think he ſpeaks modeſtly and judi- 
ciouſly, I find I have been but partly underſtood in 
that matter, I have mentioned it in ſeveral of my 
letters, and except once, always in the alternative, vis. 
that pointed rods erected on buildings, and communi- 
cating with the moiſt earth, would either prevent a 
ſtroke, or, if not prevented; would conduct it, ſo as 
that the building ſhould ſuffer no damage. Yet when- 
ever my opinion is examined in Europe, nothing is 
conſidered but the probability of thoſe rods preventing 
4 ſtroke of exploſion, which is only a part of the uſe 
I propoſed” for them; and the other part, their con- 
ducting a ſtroke, which they may happen not to pre- 
vent, ſeems to be totally n e = rd 
importance and advantage *. m4 

I thank you for bommurieuting M. + Buffon „ rela- 
tion of — effect of * wy Dijon, on the 757 of 


>. Notwithſtanding this complaint of the author's 5 ll in "ny edi- 
Jens of his papers, he continuts to be Miſunderſtood and miſrepteſented in 
this particular, as if de conſidered,it as the ſole uſe of pointed! rods, that they 
might ch of the lightning from the elouds ahd, prevent a ſtroke f und the 
* inſtances ae þ by kim to ſhow that the rods had protected houſes, 
condieding the lightning when there war a vote, proved: by 
e the nl hi to be inſtaners uf conductors 7 N. CEE 


4 K ad et entitled, ONO Variant 00 Ll kee. Jul 
ied, 17h. n! r 
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ſtance 1 lately ſaw of the ſame kind, Being in the 
town of Newbury in New-England, in Nevember laſt, I 
was ſhewn the effect of lightning on their church; 
which had been truck a few months before. The 
ſteeple was a ſquare. tower of wood, reaching ſeventy 
feet up from the ground to the place where the bell 
hung, over which roſe. a taper. ſpire, of wood like- 
wiſe, reaching ſeventy feet higher, to the vane of the 
weather- cock. Near the bell was fixed an iron ham»; 
mer to ſtrike the hours; and from the tail of the 
hammer a wire went down through a ſmall. gimlet- 
hole in the floor that the bell ſtood upon, and through 
a ſecond floor in like manner; then horizontally under 
and near the plaiſtered cieling of that ſecond floor, 
till it came near a plaiſtered wall; chen down by the 
ſide. of that wall to a clock, which ſtood about twenty 

feet below the bell. The wire was not bigger than a. 
| common, knitting kneedle. The ſpire was ſplit all to 
pieces by the lightning, and the parts flung in all di- 
rections over the ſquare in which the church ſtood, ſo ; 
that nothing remained above the bell. 

The lightning paſſed between the hammer and the | 
clock in the above-mentioned wire, without hurting 
either of the floors, or having any. effect upon them, 
(except making the gimblet-holes, through which the 
wire paſſed, a little bigger,)-and without hurting the 
plaiſtered wall, or any part of the building, ſo far as 
the aforeſaid wire and the pendulum wire of the clock 
NE) which latter wire was -about the- thickneſs 


of 


laſt, In return, give me leave to ** an mug 
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of a gooſe-quill. From the ond of 'the! pendulum, 
down quite to the ground, the building way” exceed- 
ingly rent and damaged, and ſome ones in the foun- 
dation-wall torn out, and thrown to the diſtance of 
twenty or thirty feet. No part of the afore-mentioned 
long ſmall wire, between the clock and the hammer, 
eoud be found, except about two inches that hung to 
the tail of the hammer, and about as much that was 
fuſtened to the clock ;' the reſt being explodled, and * 
particles diſſipated in ſmoke and air, as 
dy common fire, and had only left a 2 os 
track on the plaiſtering, three or four inches broad, 
darkeſt in the middle, and fainter towards the edges, 
all along the cieling, under which it paſſed, and down 
the wall. Theſe were the effects and appearances ; 
on which I would my make the few CY re- 
marks, vis. | 

1. That lightning, in its paſſage through a building, 
will leave wood to paſs as far as it can in metal, and 
not enter the wood again till the conductor of metal 


ceaſes, 
_And the ſame I have obſerved in other inſtances, as 


to walls of brick or ſtone. | 

2. The quantity of lightning that paſſed through 
this ſteeple muſt have been very great, by its effects 
on the lofty ſpire above the bell, and on the ſquare 
tower all below pet end of the clock pendulum. | 
-1 Z-7Greatzas this quantity was, it was conducted by 
a ſmall wire and a clock pendulum, without the leaſt 


damage to the building ſo far as they entended. | 
| 2 2 4. The 


1 The * 1 of ITE thick- 
neſo, conducted the lightning without damage to it- 
ſelf; but the ſmall wire was utterly de ſtroyed. 
5. Though the ſmall wire was itſelf deſtroyed, yt 
it had conducted the lightning with fafety to the 


71 


ot 1 Ae 2 111 Atte 


6. And from the whole it ſeems, probable, that if 
even: ſuch a. mall wire had been extended from the 
ſpindle of the vane to the earth, before the ſtorm, no 

would: have. been done to the ſteeple. by that 
ſtroke of lightning, 9 wire itſelf mad * 
Aareal ot 10 Senn 1 inic I a 1 
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Farun CoLLINSON, = F. R. 8. at W 


ow Friend, (+ +1.) Philadelphia, New. 23. 1753. 
N my laſt, via — I promiſed to ſend yo 
next ſhip, a ſmall philoſophical pacquet : But Hoſe 
having! got the materials (old letters and rough drafts) 
before me, I fear you will find it a great one. Never- 
-theleſs, as I am like to have a few days leiſure before 
this ſhip fails, which I may not have again ina long 
time, I ſhall tranſeribe the whole, and ſend it; for 
you will be under no neceſſity of reading it all at 
once, but may take it a little at a time, now and then 
of a winter evening. When you happen to have no- 
thing elſe to do (if that ever e it _ afford 


< 


you ſome: naar CEN; ati 965 ! h 
a int HS 10 aeg! . B. F. 

| 8 It DRA I400094ET 3 
* Theſe 3 * Papers are a Philoſophical Correſ e 


Mr. Franklin and ſome of his 4mirican friends. Mr. nſon., communi- 
cated them to the Royal Society, where they were read at different meet- 
ings during the year, 1756. But Mr. Frantlin having particularly — 
that they might not be printed, none of them were inſerted; in — 
Actions. Mr. F. had at that time an intention of reviſing his part of tem, | 
and purſuing ſome of the enquiries farther ; but finding Ted wp is not like 
to have ſufficient leiſure, he has at length been induces? , Imperfect as 
are, to permit their publication, as Bae of the hints 1 ey contain | may p 


a 
Bures | 
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Extra? of . N. Letter ; 4 Gentleman in 
Bos rox, to BENJAMIN FRANKLIN, E/q; con- 
cer ning the cfooked Direction , and the Source 


of „ 


* 


9 M» 1 I 29 Fan 
F'rR, Boſton, Dec. 21, 1751, 


THE experiments Mr. X. has exhibited here, have 
A. been. greatly-pleaſing.to-all ſorts of people that 
4 ſeen them; and 1 hope, by the time e returns 
to Philadelphia, his tour this way will turn to good 
account. His experiments are very curious, and 1 
think prove moſt. effectually your doctrine of eleftri- 
city; that it is a real element, annexed to, and dif- 
fuſed among all bodies we are acquainted: with; that 
it differs in nothing from lightning. the effects of both 
being ſimilar, and their properties, ſo N 
knonn, the ſame, Ge. 1 i I 
The remarkable effect of lightning on irs, lately 
diſcovered, in giving it the magnetic virtue, and the 
fame effect produced on ſmall needles by the electrical 
fire, is a further and convincing proof that they are 
both the ſame element; but, which is very unaccount- 
Able, Mr. K. tells me, it is "necellary, to-produce this 
effect, that the direction of the ncedle and the electric 
fire ſhould be North and South.; from cither to the 
other; and —— ſo far as they deviate therefrom; 
the m ower in the needle is 16, till their 


direftion being at night angles with the North and 
South, 


- Wann 
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South, tho effect entirely ceaſes. We made at Faneuil 
Hall, where Mr. K apparatus is, ſeyeral experi- 
ments to give ſome ſmall needles the magnetic virtue; 
previouſly examining, by putting them on water, on 
which they will be ſupported, whether or not they 
had any of that virtue; and J think we found all. of 
them to have ſome ſmall degree of it, their points 
turning to the North : We had nothing to do then but 
to inyert the poles, which accordingly was done, by, 
ſending through them the charge of two large 
jars; the eye of the needle turning to the North, as. 
the point before had done; that end of the needle. 
which the fire is thrown upon, Mr, K. tells me always, 
points to the North. 

The electrical fire paſſing through air has the ſame. 
crooked direction as lightning. This appearance I 
endeavour to account for thus: Air is an electric per 65 
therefore there muſt be a mutual repulſion betwixt air 
and the electrical fire. A column or cylinder of air 
having the diameter of its baſe equal to the diameter | 
of the electrical, ſpark, intervenes that part of the 
body which the ſpark is taken from, and of the body. x 
it aims at. The ſpark. a&ts upon this column, and is 


\ 


acted upon by it, more ſtrongly than any other neigh- 

bouring portion of air. : 
The column being thus ated upon, becomes more | 

denſe, and being more denſe, repels the ſpark more 


ſtrongly ; its repellency being in proportion to its: 


Titz is moſt eafily obſerved in \ ſtrong ſparks taken at ſome 
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denſity: Having acquired, by being coded ec a de. 
gree of repellency- greater' than its natural, it turns 
the ſpark out of its ſtrait courſe; the neighbouring 
air which muſt be leſs denſe, ind therefore has a 
ſmaller degree of fe giving it a more ready 
paſſage. 0 
The ſpark having taken a new direction, muſt now 
act on, or moſt ſtrongly repel the column of air which 
lies in that direction, and conſequently muſt condenſe 
that column i in the ſame manner as the former, when 
the park muſt again change its courſe, which courſe 
"be thus repeatedly changed, till the ſpark” reaches 
the body that Aträctel ir. an weed 
To this account one objection occurs; that as air 
is very fluid and claftic, and fo endeavours to diffuſe 
itſelf equally, the ſuppoſed accumulated air within the 
column aforeſaid, would be immediately diffuſed 3 among. 
the contiguous air, and circulate to fill the ſpace it 
was driven from; and conſequently that the ſaid co- 
lumn, on the greater denſity of Which the phæno- 
menan is ſuppoſed to, depend, would not repel the 
ſpark more ſtrongly than the neighbouring © 1 0 
'T his might be an objection, if the electrical fire was 
as flüggim and inactive as air.” Air takes à ſenſible 
time to diffuſe itſelf equally, a8 is manifeſt from | 
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gether from the ſame point, 25 With a velocity even 
in the greateſt forms,” not Exceeding, as it is faid, 
Gxty miles an hour: But the. electric fire ſeems pro- 
| op -oerl inſtantaneouſly, taking up no perceptible time 
— | | in 
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in going vefy- great diſtances. It muſt then be an in- 
conceivably ſhort time in its progreſs from an electri- 
fied to an unelectrified body, which, in the preſent 
caſe, can be but a few inches apart: But this ſmall 
portion of time is not ſufficient for the elaſticity of 
the air to exert itſelf, and therefore the column afore- 
ſaid muſt be in a denſer ſtate than its neighbouring air. 
About the velocity of the electric fire more is ſaid: 
below, which perhaps may more fully obviate this ob- 
jection. But let us have recourſe to experiments. Ex- 
periments will obviate all objections, or confound the 
hypotheſis. The electric ſpark, if the ＋ me — 
true, will paſs through a vacuum in a right line. | 
try this, let a wire be fixediperpendicularly on the An 
of an air pump, having a leaden ball on its upper 
end; let another wire paſſing through the top of a 
receiver, have on each end a leaden ball; let the leaden 
balls within the receiver, when put on the air pump, 
be within two or three inches of each other: The re- 
ceiver being exhauſted; the ſpark given from à charged 
vial to the upper wire, will · paſs through rarified air, 
nearly approaching to à vacuum, to the lower wire, 
and 1 ſuppoſe in a right line, or nearly ſo; the ſmall 
portion of air remaining in the receiver, which can- | 
not be entirely exhauſted, may poſſibly cauſe it to de- 
viate a little, but perhaps not ſenſibly, from à right 
line. The ſpark alſo might be made to paſs through 
air greatly condenſed, which perhaps would give a ſtill 
more crooked direction. I have not had opportunity 
·0 att experiments of this ſort, not knowing of 
Aa an 


- * * N * * y * * R 


7 | New Kain n 
an lo wartp:atticches Cambridge, but you can eaſily 


make them. If theſe experiments anſwer, I think the 


ed crooked ene ee will be alſo accounted 
| for. 


With apeg to your: Lifktars: on n Elefericity, ** . 


: SS 8 „„ „* „„ * *, Your hy- 


potheſis in particular far explaining the phendmena of 


lightning is very ingehious. © That ſome clouds are 


highly charged with electrical fire, and that their com- 


municating it to thoſe that have leſs, to mountains 


and other eminencies, makes it viſible and audible, 
when it is denominated lightning and thunder, is 
highly probable: But that the ſea, which you ſuppoſe 
the grand ſource of it, can collect it, I think udmits 
of a doubt: For though the ſea be compoſed of ſalt 
and water, an electric per ſt and non- electric, and 
though the friction of electrios per ſe and non-electrics, 
will collect that fire, yet it is only under certain cir- 
eumſtances, which water will not admit. For it ſeems 
neceffary, that the electrics per ſe and non- electrics 
rubbing one another, ſhould be of ſuch ſubſtances as 
will not adhere to, or incorporate with each other, 


Thus a glaſs or fulphur ſphere turned in water, and 
ſo a friction between them, will not collect any fire; 


nor, I ſuppoſe, would a ſphere of ſalt revolving in 


Water; the water \adhering to, or incorporating with 
tthoſe electries per ſe. 

between falt and water would collect the electrical fire, 
that fire, being ſo extremely ſubtil and active, would 


But granting that the friction 


* 
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parts of the ſea from which it was- drawn, and ſo, only 
perform quick revolutions; or be communicated to 
the adjacent iſlands or continent, and ſo be diffuſed 

inſtantaneouſly, through the general maſs of the earth, 
I fay inſtantaneouſly, for the greateſt diſtances we can 
conceive within the limits of our globe, even that of 
the two moſt oppoſite points, it will take no ſenſihle 
time in paſſing through : And therefore it ſeems a little 
difficult] to conceive, how there can be any accumula- 
tion of the electrical fire upon the ſurface of the ca,. 
or how the vapours ariſing from the ſea, ſhould have 
a greater ſhare of that fire than other vapours. 


That the progreſs of the electrical fire is ſo ama- | 


zingly ſwift, ſeems evident from an experiment you 
yourſelf (not out of choice) made, when two or, three 
large glaſs jars were diſcharged through your body. 
Vou neither heard the crack, was ſenfible. of the ſtroke, 
nor, which is more extraordinary, faw the light; which 
gave you juſt reaſon to conclude, that it was ſwifter 
than ſound, than animal ſenſation, and even light it- 
ſelf. Now light, (as aſtronomers have demonſtrated) 
is about ſix minutes paſſing from the ſun to the earth; 
a diſtance, they ſay, of more than eighty millions of 
miles. The greateſt rectilinear diſtance within the 
compaſs of the earth , is about eight thouſand miles, 
equal to its diameter, Suppoſing then, that the velo- 
city of the electric fire be the ſame as that of light, 
it will go through a ſpace equal to the earth's diameter 
in about of one ſecond of a minute, It ſeems in- 
coneeivable * that it ſhould be accumulated upon 
|  Aaz . the 
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the ſea, in its preſent ſtate, which, as it is a non- 
electric, muſt give the fire an inſtantaneous paſſage to 
the neighbouring ſhores; and they convey it to the 
general maſs of the earth. But ſuch! accumulation 
ſeems ſtill more inconceivable when the electrical fire 
has but a few feet depth of water to penetrate, to re- 
turn to the place, from whence it is 2 to be 
collected. 

Your thoughts upon theſe remarks I ſhall receive 
with a great deal of pleaſure. I take notice that i in | 
the printed copies of your letters ſeveral things are 
wanting which are in the manuſcript you ſent me. 
I underſtand by your ſon, that you had writ, or was 
writing, a paper on the effect of the electrical fire on 
loadſtones, needles, Cc. which I would aſk the favour 
of a copy of, as well as of any other papers on Elec- 
tricity, written fince I had the manuſcript, for _ 
b,.. ee e ee ONS 2; 
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J. B. 
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EE T FRN 
F en 
BEN J. FRANKLIN, Eſy; of Philadelphia. 


„A F | Philadelphia, Jan. 24, 1752. 


| nb Lace AM glad to learn, by your favour of 
1786. the 21ſt paſt, that Mr. Kinnerſley's lec- 
tures have been acceptable to the gentlemen of Bofton, 
and are likely to prove ſerviceable to himſelf. I thank 
you for the countenance: and encouragement you have 
ſo kindly afforded my fellow-citizen. | 

I I ſend you encloſed an extract of a letter containing 
the ſubſtance of what I obſerved concerning the com- 
munication of magnetiſm to needles by electricity. The 
minutes I took at the time of the experiments, are 
miſlaid. I am very little acquainted with the nature 
of magnetiſm. Dr. Gawin Knight, inventor of the 
ſteel magnets, has wrote largely on that ſubject, but 
I have not yet had leiſure to peruſe his writings with 
the attention neceſſary to become maſter of his doc- 


* * 


Your 


182 New Experi ments and. 


Your explication of the crooked direction of light- 
ning, appears to me both ingenious andſ{6lhd. © When 
we can account as ſatisfactorily for the electrification 
of clouds, I think that branch of Natural Parr 
will be nearly compleat. 1 

The air, undoubtedly, obſtructs the motion of thi 
electric fluid. Dry air prevents the diſſipation of an 
electric atmoſphere, the denſer the more, as in cold 
weather. I queſtion whether ſuch an atmoſphere can 
be retained by a body in 2acuo. A common electrical 
vial requires a non- electric communication from the 
wire to every part of the charged glaſs; otherwiſe, . 
being dry and clean, and filled with air only, it charges 
ſlowly, and diſcharges gradually, by ſparks, without 
a ſhock: But, exhauſted of air, the communication is 
ſo open and free between the inſerted wire and ſurface 
of the glaſs, that it charges as readily, and ſhocks as 
ſmartly as if filled with water: And I doubt not, but 
that in the experiment you.. propoſe, the ſparks would 
not only be near ſtrait in uacuo, but ſtrike at a greater 
diſtance than in the open air, though perhaps there 
would not be a loud exploſion. As "Bi as I have a 
little, leiſure, I will make the, experiment, and ſend you 
the reſult, 

Miy ſuppoſition that the ſea might poſſibly be the 
grand ſource, of lightning, . aroſe from the common 


. - obſervation of its luminous. appearance in the night, 
on the leaſt motion; an appearance never obſerved in 
freſh water. Then I knew that the electric fluid may 
be pumped up out of the earth, by the friction of a 
2 c glaſs 
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glaſs globe, on a-non-electric cuſhion ; and that, not- 
withſtanding the ſurpriſing activity and ſwiftneſs of 
that fluid, and the non- electric communication between 
all parts of the cuſhion and the earth, yet quantities 
would be ſnatched up by the revolving ſurface of the 
globe, throwyn on the prime- conductor, and diſſipated 
in air. How fhis was done, and why that ſubtile 
active ſpirit did not immediately return again from the 
globe, into ſome part or other of the cuſhion, and ſo 
into the earth, was difficult to conceive; but whether 
from its being oppoſed by a current ſetting upwards 
to the cuſhion, or from whatever other cauſe, that it did 
not ſo return was an evident fact. Then I conſidered 
the ſeparate particles of water as ſo many hard ſphe- 
rules, capable of touching the ſalt only in points, and 

imagined a particle of ſalt eould therefore no more be 
wet by a particle of water, than a globe by a cuſhion; 
that there might therefore be ſuch a friction between 
theſe originally conſtituent particles of ſalt and water, 
as in a ſea of globes and cuſhions; that each particle 
of water on the ſurface might obtain from the com- 
mon maſs, ſome particles of the univerſally diffuſed, 
much finer, and more ſubtil electric fluid, and form- 
ing to itſelf an atmoſphere of thoſe particles, be re- 
pelled from the then generally electrified ſurface of the 
ſea, and fly away with them into the air, I thought 
too, that poſſibly the great mixture of particles electric 
per ſe, in the ocean water, might, in ſome degree, im- 
pede the fwift' motion and diſſipation of the electric 
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found that ſalt in the water of an electric phial, does 
not leſſen the ſhock'; and having endeavoured in vain 
to produce that luminous appearance from a mixture 
of ſalt and water agitated; and obſerved, that even 
the ſea water will not: produce it after ſome hours 
ſtanding in a bottle; I ſuſpect it to proceed from ſome 
principle yet unknown to us (which I would gladly 
make ſome experiments to diſcover, if I lived near the 
ſea) and I grow more doubtful of my former ſuppoſi- 
tion, and more ready to allow weight to that objection 
(drawn from the activity of the electric fluid, and the 
readineſs of water to conduct) which you have indeed 
ſtated with great-ſtrength and clearneſs. 

In the mean time, before we part with, this hypothe- 
ſis, let us think what to ſubſtitute in its place. I have 
ſometimes queried, Whether the friction of the air, an 
electric per ſe, in violent winds, among trees, and 
againſt the ſurface of the earth, might not pump up, 
as ſo many glaſs globes, quantities of the electric 
fluid, which the riſing vapours might receive from the 
air, and retain in the clouds they form ,. on which J 
ſhould be glad to Have your ſentiments. An ingenious 
friend of mine ſuppoſes rhe land clouds more likely to 
be electrified than the ſea clouds. I ſend his letter for 
| your peruſal, which pleaſe to return mneG. 

I have wrote nothing lately on electricity, nor _ 
ſerved any thing new that is material, my time being 
much taken -up with other affairs. Yeſterday I diſ- 
charged four jars through a fine wire, tied up between 


0 ſtrips of glaſs: The wire was in part melted, and 
| | the 
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the reſt broke into ſmall pieces, from half an inch 
long; kö Ralf à quarter of an inch. My globe raiſes 
the electric fire with greater caſe, in much greater 
quantities, by the means of a wire extended from the 
cuthibng to the n pin of a pump handle behind my 
houſe, which communicates by the * ſpear with 
the water in the well. 

By this poſt I ſend to“ ® ®, who is curious in that 
way, ſome metedfolbgical obſervations and conjectures, 
and defire him to communicate them to you, as they 
may afford you ſome amuſement, and I know you will 
look over them with à candid eye. By throwing our 
occaſional thoughts on paper, we more readily diſcover 

. the. N of our ↄpinions, or we digeſt them better, 

nd new arguments to ſupport them. This I 
Sthathbies practices; b. but ſuch pieces are * only. to be 
feen by! friends: 11 NE? ant 10 A 
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. 7 Have received your favour of the a 4th 
1756. of January paſt, incloſing an extract 
from your letter to Mr. Culinſom, and * * lettet to 
yourſelf, which I have read with a great deal of plea- 
ſure, and am much obliged to you for. Your extract 
confirms a correction Mr. Kinnerfley made a few days 
ago, of k miſtake I was under reſpecting the polarity 
given to needles by the electrical fire, “ that the end 
* which' receives the fire always points North ; and, 
« that the needle being ſituated Eaſt and Weſt, will not 
% have a polar direction.“ You find, however, the 
larity ſtrongeſt when, the needle is ſhocked lying 
orth and — weakeſt when lying Eaſt and Weſt ; 
which 5 it probable that the communicated mag- 
netiſm is leſo, ag, the needle varies from a North and 


| South 
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South ſituation. As to the needle of Capt. Waddel's 
compaſs, if its polarity was reverſed by the lightning, 
the effect of lightning and electricity, in regard of 
that, ſeems diſſimilar; for a magnetic needle, in a 
North and South ſituation (as the compaſs needle was) 
inſtead of having its power . reverſed, or even dimi- 


niſhed, would have it confirmed or increaſed by the 


electric fire. But perhaps the lightning communicated 
to ſome nails in the binnacle (where the, compaſs is 
placed) the nen virtue, which might diſturb the 
compald. N 

This I have heard was the caſe; if ſo, the ſeeming 
diſlimilarity vaniſhes : But this remarkable circumſtance 
(if it took place) I ſhould think would not be omitted 
in Capt. WaddePs account. 

am very much pleaſed that the explication I ſent, 
| you, of the crooked direction of lightning, meets with 
yout 'approbation, 

As to your ſuppoſition oi the ſource of light- 
ning. the luminous appearance of the ſea in the night, 
and the ſimilitude between the friction of the rticles 
of ſult and water, as you conſidered them in their ori- 
ginal ſeparate ſtate, and the friction of the globe and 
cuſhion, very naturally led you, to the ocean, as the 
grand ſource of lightning Biit the activity of light... 
ning, or the den element, and the fitneſs of water 
to conduct it, together with the ex 1 you men- 
tion of ſult and water, ſeem to in Shin it, and to 
prepare the way for ſome other Seki fis. Accordingly 
you propoſe a new one, which is very curious, and not ſo 

Bb 2 liable, 
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liable, I think, to objections as the former. But there is 
not as yet, I believe, a ſufficient variety of experiments 
to eſtabliſh any theory, though this ſeems the moſt 
hopeful of any I have heard of. | 
The effect which the diſcharge of your four ga 

jars. had upon a fine wire, tied between two ſtrips oſ 

glaſs, pu uts me in mind of a very; ſimular one of [light- 
ning, that I obſerved at New Terk, Octaler 1750, a few 
days after 1 left Phiiadeſphia. In company witha num- 
der of gentlemen, 1 went to take a view of the city from: 

the Dutch cinch ſteeple, in which is a clock about 
twenty or twenty-five feet below the bell. From the 
clock went a wire through: two floors, to the clock- 
hammer near the bell, the holes in the floor for the 
wire being perhaps about a quarter of an inch diame- 
ter. We were told, that in the ſpring, of 1750; the 
lightning truck the clock-bammer, and deſcended along 
the wire to the clock, melting in its way ſeveral ſpots 
of the wire, from three to nine inches long, through 
one-third of its ſubſtance, till coming within a few: | 
feet of the lower end, it melted the wire quite, through, 
in ſeveral places, ſo that it fell down in ſeveral pieces; 
which ſpots and pieces we ſaw. When it got to the 


end of the wire, it flew off to the hinge of à door, 


ſhattered the door, and diflipated. , In its paſſage thro'- 
the holes of the floors it did not do the leafh damage, 
which evidences that wire is a good conductor of light 
ning (as it is of electricity) provided it be ſubſtantial 
nu and e in this ” 08 5 en gv 

IJ 2 S110 Wer! Þ 10 


Obſervations on Euzcraterry., 139 


to the earth, have conducted it without camaging the 
building “. 

Your, trans about your globe's raiſing the 
eleftric' fire in greater quantities, by means of a wire 
extended from the cuſhion to the earth, will enable 
me, I hope, to remedy a great inconvenience I have 
been under, to collect the fire with the electrifying 
glaſs I uſe, which is fixed in a very dry room, three 
ſtories from the ground. When you fend your me- 
teorological obſervations to , 1 hope I ſhall 
have the pleaſure of ſeeing them. 


| BIILF | Ian, &t; | | 
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be wire mentioned in this account was re-place by a ſmall braſs 
chain. In the ſummer of 1763, ho: Nang fv in that 
and from the clock- hammer exe te bell it pw chain as it had 
fore done the wire, went off to-the ſame hin ſhattered the 
ſame door, In its paſſage through the ſame holes Na. floors, it did 
no 7 os nor to the building during the whole extent of the 
chain. But the chain itſelf er being partly ſcattered about in 
fragments of two or three links melted and ſtuck as, and partly blown 
up or reduced to ſmoke, and diſfipated.—[ e 


«of lightnin nn; wi. 7 OD 0 ] The ſteeple, when repaired, 
10 by an iron conducto EA. extending from the foot of the 


vane-ſpindle down to the —.— of the buildin ; 1 the earth. The 
newe- papers have Katha, nt that in 1765, the lightning fel} a thin time 
on the ſame ſteeple, and was ſafely conducted 1 the rod ; but the particu-. 
dara ge" Be 
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Phyſics! and eee ohnen e. 
** jeBtures, and 8  wppoſitions ; ; by B. F 


Read at the Royal 1 2 HE particles of air are . at a 
17866. diſtance from each other by their 


mutual repulſion. | 


Every three particles, mutually. and equally repel- 
ling wh other, . muſt form an equilateral triangle. 


All the particles of air gravitate towards the: earth, 


which gravitation compreſſes them, and ſhortens the 


ſides of the triangles, otherwiſe their mutual . repel- 
lency yould force them to greater diſtances from each 
other. 

Whatever particles of other matter, (not endued 
with that repellency). are ſupported in air, muſt adhere 

to the particles of air, and be ſup mon by them; for 
in the vacancies there is nothing they can reſt on. 

Air and water mutually attract — other. Hence 
water will diflolye in air, as falt in water. 

The ſpecific gravity of matter is not altered by di- 


viding the matter, though the ſuperficies be increaſed, 


Sixteen, leaden bullets, of, an ounce each, weigh as 

much in water as, one of a pound, whoſe een 

eee Lite mags 
Therefore the 3 of ſalt in water is not 


owing to its ſuperficies being increaſed. 


A lump of falt, though, laid at reſt at the bottom 
of a veſſel of Water, will diſſolve therein, and its parts 
| move 


LY 
| was 
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move every way, till equally diffuſed in the water; 


therefore there is a mutual attraction between water 
and ſalt. Every particle of water aſſumes as many of 


ſalt as can adhere- to it; when more is added, it pre- 


cipitates; and will not remain ſuſp ende. 


Water, in the ſame manner, will diſſolve in air, 


every particle of air aſſuming one or more partieles 


of water. When too n is abt It en 
in rain. * 


But there not + helng py ams contiguity! nen ä 


the particles of air as of water, the ſolution of water 


in air is not carried on without a motion of Utd air, 


ſo as to cauſe a freſh acceſſion of dry particles. 
Part of à fluid; having more of What it diſſolves, 
will communicate to other parts that have leſs.” Thus 


very ſalt» water coming in contact with freſh, commu- 


nicates \its-faltneſy till all is equal, and the ſooner if 


there is a little motion of the water. 


* 


big as a common houſe. It is not by 
tion communicated to the particles of duſt by the hoof, 


Even earth will diſſolve, or mix with air. A ſtroke 
of a (horſe's hoof on the ground, in / a hot duſty- road, 


will raiſe a cloud of duſt, that Mall, if there be a | 


light breene, expand every way, till, perhaps, near as 
mechanical mo- 


that they fly ſo far, nor by the wind that they ſpread 
ſol wide: But the air near the groutid, more heated by 


che hot duſt ſtruck into it; is rarified and riſes and in 


riſing mixes with the cooler air, and communicates of 
its duſt toit, and it is at length ſo diffuſed as to be- 


] come inviſible"! Quantities of duſt are thus carried up 


aim Ti, 


Ls 
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in dry ſeaſons: Showers waſh, it from the air, and: 
bring it down again. For water attracting. it ſronger, | 
it quits the air, and adheres to the water.. 
Air ſuffering continual changes in the degrees of its 
heat, from various cau ſes and cireumſtances, and, con- 
ſequently, changes in its ſpecific brarity, muſt there- 
fore be in continual motion. Siri viovo 
A ſmall quantity of fire mixed with water (or degree 
of heat therein) ſo weakens the coheſion of its parti 
cles, that thoſe on the ſurface eaſily quit it, and ad- 


here to the particles of air. 7 10 28 n 0 eli. 59 Ich 
A greater degree of heat is required to break the 
coheſion between Water und ira s Slg ot en g 


Air moderately, heated, will ſupport a greater quan- 
tity'of water inviſibly than cold air; for its particles 
being by heat repelled to a greater diſtance from each 
other, thereby more eaſily keep the particles of water 
that are annexed to them from running into coheſions 
that would obſtruct, refract, or reflect the light. 
Hence when we breathe in warm air, though the 
ſame quantity of moiſture may he taken up from the 
lungs, as when we breathe in cold Mr, Or ono 

ture is not ſo Münte n: uo nora a r 210 
Mater being extremely heated, 1, f. to the degree of 
boiling, its particles in quitting at ſo repel each other, 
as to take up vaſtly more ſpace than before, and by 

that nes: ſupport themſelves, expelling: the air 
from the ſpace they occupy. That degree of heat be- 

ing leſſened, they again mutually attract, and having 
no 9 mixed. to adhere- to, * [which they 
might 
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be ſupported and kept at a diſtance, they 3 in- 
da fall coaleſce; and become water again. / | | 
The water commonly diffuſed in our atmoſpt 6 
never receives ſuch a degree ef heat from the ſun, or 
other cauſe, as water has when boiling; it is not, 
therefore, W by . _ * by adhering 
Wie 
Water being diffolved ; in, an A td air, that 
air will not readily take up oil, decauſe of the mutual 
repellency. between water and oil. | 
Hence cold oils evaporatebut lowly, the- air having 
generally a quantity df diſſolved water. 
Oillabeing heated extremely, the air that ne 
oa Porn gn will be alfo heated extremely ; the water 
then quitting it, it will attract and carry off oil, 
which can now adhere to it. Hence the quick can 
poration of oil heated 10 u great degree, 
Oil being diſſolved in air, the wege o which 
it adheres will not take up water. | 
Hence the ſuffocating nature of air inagrepunted 
with burnt greaſe, as frem ſnuffs” of candles, and the 
like. A certain quantity of moiſture ſhould be every 
moment diſcharged and taken away from the lungs ; 
air that has been frequently breathed,” is already over- 
loaded; and, for that reaſon, can tale no more, fo 
will not anſwer the end. Greaſy air refuſes to touch 
it. In both caſes ſuffocation for want of the diſcharge. 
Air will attract and ſupport many other ſubſtances. 
A particle of air loaded with adhering water, or any 
difer matter, is heavier than before and. Nouñld dEſcend. 
Zutybtios ce | The 


- 
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Tberatmoſphere ſuppoſed at raſti- a .defntnider 
ing partigle. muſh act Mith al force. 08! the partieles t 
paſſes betyvree n. or nete with, fufficient to overcome, 
in ſome: degree, thay mutual repeilen ch and putlx 
them neater to ac οfe tn. 29876 


Lo 9” ef 11 Thus, fuppeling/the particles ABO. 
c and the others near them, to be at the 


6.8 distance (cauſed; by, thew mutual: repel- 
** OO leney (confined by their common gravity) 
o O O F A am defend, te; E, it mu paſa 
a between Band Cn When t comes be- 
tween B and C it Wil be barer toy them than before, 
and muſt either have. puſhed; theme naar to E and G. 
eontrary to their mutual repellencyc or paſs-through. 
by ta force exceeding ie repelleney with then It then 
approaches D, and. to move it out af the Way, muſt 
act oti it with a foree ſuſſicient to overcome its tepel- 
__- with the two next lower 2 en 0 
is kept in its preſent ſituations. - II 22100 
Every particle of air, — will bear any a 
interior to the farce of theſe vepulſions. #1113: 
Henee the ſupport of fags, miſts. — Sail | 
Very warm air, clear, though — « a very 


great quantity of moiſture, will grow! — 


cloudy: on the mixture of a colder air, as foggy turbid: 

air will graw clear by warming. »11 ing Jon Ut! 
Fhus the ſun ſhining'on) a morning fog. diſhpates: 

itz clouds are ſeen to waſte in à ſunr ſhiny day. 
But cold condenſes and renders 'viſible; the vapour ;. 


a nh or decanter filled with cald Water, will 
ee. | condenſe 


Al! | 
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vondenſo the de r warm elear air an its outſide, 
where it becomes viſible as dew, coaleſcts ide drops, 
delcends in little Kreams. Blood? 271 19; {Ul 21 ; 
The ſun heats the air of wir deeſptitte bB Pert 

the ſurface of the earth; for there, beſides chte direct 
ruys thete are many reflections. Moteover;-the earth 
itſelf being heated, commulicateb of its heat to the 
E neighbouring Air!! G2: N bl 93 251189311154 Dar Hug 
Ihe higher regions Mueiisg ertiy e ültget: rays of 
the dun pafüng reugh them, ate comparatively very 
Cold. Hence une coll air en the! teps of mountaihy, 
and ſno on ſöme of chem Alllithe year; ten" the 
tortid gone, Hennes Hail Mr, lil 213% 110 5 
71 of che atmoſphieft wers, WH! Ef it both dee and 
below) alwiys! of the ſame tetiper us tu cbld br heat, 
men the upper dir would HA s be T chan ene 
lower,” ne preffure ru At is lefs; eblfequentl weftly 
lightsr, andthbtafore Would keep its place!” e 
% But tlie upper r ma be miert | ARS} a0 

than the lower air by p reſſure che lower more ex 


panded by heat; hun "oy for want o 2 | 
In ſuch caſe! the upper alt will betwme tte Heawier, 
the lower the lighter. elk 119447 TM rk 


1h tower!teglon'of air being eee 5 
heaueb up, and ſuppotts* ft fore! tine the 

Heavier tür above, and Wall contiftüe! 6 Mie 
While: the; eguikgriue &%-%epts TR Water hg Thy: 
ported in an inverted open glaſs, while th CH Hbf 
is miintained by — anden 


% n „en by 
* e 10 N ene 
»H 


/ 


* 
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the water deſcends. on the, heavier; ſide, and the air 
| riſes into its place. 942 e odd pn 14. Tu 
The lifted heavy cold air over a heated copntayhe- | 
coming by any means unequally ſupported, or untqual 
in its weight, the heavieſt, part deſcends firſt, and the 
reſt. follows, .mpetuoully, : Hence, guſts after ; heats, 
and hurricanas in hot climates, Mence the ait ef 
guſts and hurricanes cold, though in hot eee 
(lens 3 it coming from-above. -;:/.01 oO 
hs. cold, air, deſcending from above; as it renstpebes 
our, warm. region full of watryo particles, condenſes 
them, renders. them, viſible, forms a, cloud, thick and 
dark, pact — ſometimes, at one, large and. exten» « 
five ;, ſometimes; when ſeen at a diſtances .ſnall.at firſt, 
graually increaſing, the cold edge, ar, ſurface, {of the 
cloud, condenſing the ,yapours.nex. it, which fam 
ſmaller. xlouds that join, it, increaſe its bulk. 6.leſaryds 
with the wind and its acquired eighty draws: nearer 
the earth, gans deaſer with. cominual [additions of 
water, and diſcharges heavy, ſhowerss 42} dt tt 
Small black clouds thus, appearing in a clear fky,.im 
hot, climates, portend; Morms, and warn ſeamen to 
hand their fails, Agilent 19 ol offs 
be earth turning on its axis im abont twenty-four 
| Hours, the cquatorial parts muſt mohe about fifteen 
miles a minute: in northern and ſouthern lati- 
tudes. motion is &:adually leſs we the poles. and 
hers | a i al 6f8 112940; 097 134, 116 fit ha3o'; 
lf, thege was, a, general calm. ouer the, facen gf th 
1. 15 rn by, the aur's moving 3 e pat 
earth or ſea ĩt vers. | ow! 
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He that fails, or rides, has inſenſibly the ſame de- 
gree of motion as the ſhip. or coach with which he 
is connected. If the ſhip ſtrikes the ſhore, or the 
coacki ſtops ſuddenly, the motion continuing in the 
man, he! is tłirown forward. If a man were to jum 
tom the land into a ſwift failing” ſhip, he would de 
thrown:hatkward/ (or towards the Rev}? not N at 
firſt the motion of the ſhiop :- 

He that travels, by ſea or land, were de e. 
noctial gradually acquires motion; from it, loſbs. 

But if a man were taken up from latitude 40 (ere 
ſuppoſe the earth's. ſurface to move twelve: tiles! per 
minute) and immediately ſet down at rhe equinoQia}, 
without changing the motion he had! his hegis would 
be ſtruck up, he would fall weſtward: If taken up 
from the equinoctial, and. ſet dow in latitude 40,” 88 
| would: fall eaftwardy: 1h (1 4INOIrEB'T 

The air under — mo 1 ene 
m conſtantly heated and rariſied by the {lti;; riſes. 
Its place is ſupplied by air from Northern and Southern | 
latitudes,” which coming from parts where'ithe/earth 
and air had leſs: motion, and not fuddenly acquiring 
dhe quicker motion of the equatorial earth, appears an 
Eaſt wind blowing Weſtward; the earth moe ids from 
Weſt to Eaſt, and ſlipping under the air“. i 

Thus, when we ride in a calin, it ſeems a wind 
againſt-us : | if we ride with the windjoand faſter, eben 
that will ſeem a ſmall wind againſt us. 


. 
5 Ti 2 wherein this hypotheſis for nn the trade 
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The air farified betivect the; Tropics,” and: filing, 


muſt flow in the higher region North and South. 
Before it role; it had acquired the giaateſt motion the 

earth's rotation couldogive: it. It xetains ſome: degree 
of this motion, and Aeſcending in higher lat tudles, 
where the:earth's: motion is leſt, ill appear a Weſterly 
Wind. et tending towards the equatorial parts, to 
ſupply the vacancy occaſioned by 'the-aiv of the lowet 
regians Mowing chitherward s 

Hence ourrgenieral old e ene beet North Weſt, 
our hymmer ealdaguſts the fam: 1 1 Tot 

The air in faltry weather, Ang mot cloudy; has 
aAindeo6;b 


anineſi in it) which makes objects ata dis 
2 idulbaa d andiftinet. o This hacineſs as! be- 
gaſiensi by the graat quantity lu moiſture oqualty dif- 
fuſed in that air. When, by the, cal Wind bhiowing 
wag among it, it is condenſed into clauds ant falts 
the air hermes purer ani cleareriin Hetice, 
ay gniſts,. diſtant I e eee | 
tharpho terminated, 30/7 1191? 1i8 vd bait q! it ol doklg 231 
Bxtecam-: gold winde eongeal, the ſurface f the 
Sande een e at its fire. Warm wins after 
 wards.blpwing oh that frozen furface-witlbeiohilled 
Hit 2 Cauld that frozen ſurfare he turned under, arid = 
a warmer turned up from benaath it, thoſe warm winds ' 
would not belchilled i ſo mut 
The furface of the earth is abſo ſometimes / much 
heated by the ſaw: und ſuch healed ſurface mut! being 
3 the-gir that moves, ver It, 1o9uq «432 


du all: gniris arg 190 eilothoq id aide n vlt e unt N U. een 


. 1115 Sens, 
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— lakes, Aude great bodies of water, agitated by 
the winds, continually change ſurfaces; tlie cold ſur- 
face in winter is turned under, by the rolling the 
waves, and! a' warmer turned up; in ſummerf the 
warm is turned under, and eolder turned up. Hence 
the more equal temper of ſea - water, and the dir 6ver 
it. Hence, in winter; winds from the ſea ſeem warm, 
winde from the land cold. In ſuromer the contfary. 

Therefore the lakes North-Weſt of us , as they” 
are not ſo. muck” frouen, nor ſo apt tb freeze as *the- 
earth, rather moderate than! increaſe the evldnefs of ou 
Winter white. ſom die win ene eig vil 
The air over the fea' being Wikitdiericand therefore 
lighter in winter than the air over the frozen land, 
may be another cauſe of our generul N. W. Winds, 
which blow off to ſen at right angles from our 'Npreb- 
American” coaft.' The warm light fea” air riſing, the 
heavy cold land air preſſing into its place. 

' Heavy fluids'deſteriditig;/ frequently form ede, or 
Whirlpools, as is ſeen in a funnel, where: the Water ac 
quires a eircular motion, receding every way from a 
center, und leaving à vacancy” in the middle, greateſt 
above, and leſſening downwards, We r | 
pet, its big end upwards” TI OT 

Air deſcending, or aſcending, m Wich the fame 
kind of eddies, or whitlings, the parte ef air acquiring 
a cinculat motion, and from the middle of 
the circle by a centrifugal force; and leaving there a 
vacancy; if ur ene ns above,” ani leſtening 
an e — Arti! il us INT En 


acpiett | downwards; 
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53 if aſcending, greateſt below; and leſſen- 
ing PPrards 3 like a ſpeaking n We its big 
When 155 air deſcends with violence. in ſome places, 
it may riſe, with equal violence in a iow . 
both kinds of whiclwinds, | | 1641001; | 
8 The air in its whirling motion — wal ovary * 
from the center or axis of the trumpet, leaves 
there a vacuum; which cannot be filled through the 
ſides, the Whirling air, as an arch, Prerenting i it muſt 
then preſs in at the open ends 
The greateſt preſſure inwards muſt be at the lomer 
end; the! greateſt weight of the ſurrounding atmoſphere 
being there, The air entering, riſts within, and carries 
up duſt, leaves, and, even heavier bodies that happen. 
in ite wax, as the. eddy, or whizl, paſſes overland; | -. 
If it paſſes over water, the weight of the ſurrounding. 
atmoſphere forces, up the water into the vacuity, part 
of which, by degrees, joins with the whirling air, and 
adding weight, and, receiving accelerated motion; re- 
cedes {till farther from the center oh axis of the trump, 
as, the preſſure leſſens ; and: at- laſt, as the trump-Wi- - 
dens, is broken into ſmall Particles, and ſo united with 
air as to be ſupported by it, and: eee black ous; 
at the top of the trump. ../ ob fi 
_ Thus, theſe eddięs may be whirlwinde at land 3 2 
ſpquts, at. ſea. A, body. of water ſo raiſed, may be ſud- 
denly let fall, when. the motion, &c. has not ſtrength 
to ſupport it, or the whirlin e is broken ſo as to. 
admit the air; falling! in th the * harmleſs, unleſs 
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'Thips Kipp; under it. But if in the pro five rho- 
tion of the ' whirl, it has moved fro the Tea, « aver 
the land, and there breaks, ſudden, violet, alid”mit- 


chievous torrents are the Conſequence. N 
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IH 18 comes to Jau. on account 7 Dr, Daugiahs 
. 12 Tree, 12 INE, 1 HP for hat h 

now of the number that died o inoc in 
Philadelphia, telling eg to write ſomething 


Rs 
on the ſmall-pox {hd 89 50 We Math hach be; obliged 
| to you, for A word, 198, ha affair. 28. Ut uA : 2m Hilda 
ars "of our vaſt e ene 


lie chief particu 
in the public prints. But the leſs degree of mortality 
than uſual in the common way of infection, ſeems 
chiefly owing to the purging method deſigned to 
vent the ſecondary every a method 578 bez ah 

tried on in this ton, atid with ſucces 
pectation. aWe 1 loſt ane in 1 but 7 ens? on 
perienced in this way, at the firſt coming of the diſ- 
| Temper, .Þ probably the proportion! had been but one in 


13 
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23.0 24. "I the year 1730 we loſt one in nine; which 
more favourable. than ever before with us. The 
diſtemper pretty much the ſame then as now, but 
ſome circumſtances not ſo kind this time, _ 

If there. be any particulars which you want to know, 
pleaſe to ſignify what they are, and I ſhall ſend them. 


The _—_— of our inhabitants decreaſes *. On a 


„ the e of the poor find but 

i kites, and 544 Blacks, including thoſe ab- 
ſent, an account of the ſmall-pax, many of whom, 
it is probable, will never retunn. 

\ I paſs this opportunity without any particulars of 
my old. theme. One thing, however, J muſt men- 
tion, Which is, that perhaps my laſt. letters contained 
ſomething that ſeemed to militate with your doctrine 
of the Origin, &c. But my deſign was only ta relate 
the phenomena as they appeared to. me. I have re- 
ceited ſo much Tght and pleaſure from your writings, 
as to prejudice me in favour of every thing from your 
Hand, and leave me only to obſerve, and a 
power of diffenting when. ſoms great probability might 
oblige me: And if at any time that be N 88 
me bear of: 1. Fay 
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ee coor, e ect ay . of the 
country, th e nh ſes, jon ports,. have, of- . 
ec che trade with it, and e ts bee e 0 N the 


ee tie cownry, i genera, ave.greatly catly increaſed· 
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1 Need your bed of the d inſtant.” Sor me 

1 time laſt winter I procured from one of 'our phy- 
ſicians an account of the number of perſons itioci ne 
«during the five viſſtations of the ſmall-pox we have 
had in twenty-two'years; which account I ſent to Mr. 
W— , of your town, and Have no cop. 

I remember right, the number excteded 800, and the 
deaths were but four. I ſappoſe Mr. Woody 
ſhew you the account; if he ever received it. Thoſe 
four were all that our doctors allow to have died of 
the ſmall-pox by insculation, though” 1 think thery 
were "two more of the inoculated wh, died" of the 
diſtemper; but the eruptions ap a tees ir he 
operation, it is fappoted they Rad taker the Infection 
before, in the common way. * 
I ſnull be glad to ſee what Dr. De 
the ſubject. I have a French piece printed at Paris, 
THOITAVS 2: (3 . D 4 2 1724, 
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1724s entitled, Obfervations ſur a Saignte au Pied, er 


ens de doubte contre — —A ** of he 

ntion&Fin it. If he or it nqt, 

10 $ ſee i, 1 will ſend it — 2 . r. 

me with the particulars t your purging method, to 
prevent the — — _ N 
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ments. Whate ee ol bps wrot: Goth ab kind, are 
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Hi in SIGHT > 2 
Is A 6 of the bacon ot marriages to: 
births, of deaths to births, of marriages to- 
the; number of inhabitants; & formed on obſerva- 
tions made upon the bills of mortality, chriſtenings, 
&ei of populaus cities, will not ſuit countries; nor: 
will tables formed: on obſeryations made on full ſettled! 
old countries, as Europe; ſuit new . as Ame- 
rica. ot) onde! end, warn tur mod 
2. For people increaſe: in proportion to afienrunaber 
of marriages, and:that:1s-greater in proportion to the 
aalen and convenience of fupporting a family. When 
families can eee, more | OUR marry; 
and earlier in life: T1809: 23, n balig 7 G 
eln cities, where eee ol offices 


ate full many.delayimarvyibgs till they tan ſee how t 
bear the charges of a family; which charges urtigrrater 


in cikies, a8 luxury is more common; many Hive ſingle 
ingclife; and continue ſervants to families, jourſrey⸗ 
men to trades;'&0c;5 Hence: cities do not b natural 
ganeration,: ſupply! themſehres With. inhabrtants; >the 
deaths are mort than the Binths. ing s dm yam off 
Hin countries full ſettled, the chſe muſt be nearby 

the ſame all lands; being gcenpiedi ard improved ad 
the height thaſe who cannot getdand) muſt labour 
ſor others that have. it; hen labourers are l plenty 
their 
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their wages will be low; by low wages a family is ſup- 
ported with difficulty; this Aifhcuky deters many from 
marriage, Who, therefore, long continue ſervants and 
ſingle,--Only as the cities take ſupplies, of people; frbm 
the country, .and thereby make a little more room in 
the country, marriage is à little more marr, ak. ere, 
and the births exceed the deals. 
5. Great part of Europe is full ſettled with hatbund 
men, manufacturers, &c. and therefore cannot now: 
much encreaſe in people. America is chiefly occupied 
by Indians,” who ſubſiſt moſtly by hunting. But as * 
hunter, of all men, requires the greateſt quantity of 
land from whence to draw his ſubſiſtence, (the huſ-- 
bandman ſubſiſting on much leſs, the gardener on ſtill 
leſs, and the manufacturer requiring leaſt of all) the 
Europeans found America as fully fettled as it well could 
be by hunters; yet theſe having large tracts, were 
eaſily prevailed on to part with portions of territory 
to the, new comers, who did not much interfere with 
the natives in hunting, mne with many 
things they wanted. DLL Num: $ 10 212-304 690 
6 Land being thus dats dit and fo cheap 
as that a labouring man 'that underſtands huſbandry, 
can, in a ſhort time, ſave money enough e 
Piece: of new land, ſufficient for @ plantation, whereon 
he may ſubſiſt a family; ſuch are not afraid to marry; 
for if they even look far enough forward to conſuler 
how their children when grown up, are to be provided 
for, they fee that more land is to be hadlat 
ac „ a 3:11} cao 101 
« 7. 2 
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” 7 Hence marriages in America are more general, and 
more generally early than in Europe. And if it is 
reckoned there that there is but one marriage per An- 
num among 100 perſons, perhaps we may here reckon 
two; and if in E e they have but four births to a 
marriage, (many of their marriages being late) we may 
here reckon eight; of which, if one half grow up, 
and our marriages are made, reckoning: one with ano- 
ther, at twenty years of age, our people muſt at leaſt 
be doubled every twenty years. 

8. But notwithſtanding this increaſe, ſo vuſt is ule 
territory of North America, that it will require many 
ages to ſettle it fully; and till it is fully ſettled, la- 
bour will never de cheap here, where no man conti-- 
nues long a labourer for others, but gets a plantation 
of his own ; no man continues long a journeyman to 
a trade, but goes among thoſe new ſettlers, and ſets up 
for himſelf, &c. "Hence labour is no cheaper now, in 

„than it was thirty years. ago, though ſo- 
many thouſand: labourmg people Have: bow: nou 
from Germany and Ireland. 

9. The danger, therefore, of theſs colonith ab 
fering with their mother country in trades that depend 
on labour, manufactures, &e. is deo mers 9 
the attention of Great Britain. | 

10. But in proportion to the increaſe of this colo-- 
nies; a vaſt demand is growing for Britiſs manufac- 
turen; u glorious market, wholly in the power of Bri- 
tain, in which foreigners cannot interfere, which will 
increaſe * ſhort- time, even beyond her power of 

8885 | ſupplying, 
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ſupplying, though her whole kernig bod be to her 
gokanes. /** *;.-.. 

12. Tis an end inen — by the 1 
our of ſlaves, America may poſſibly vie in cheapneſs 
of manufactures with Britain. The labour of ſlaves 
can never be ſo cheap here, as the labour of working 
men is in Britain. Any one may compute it. Intereſt 
of money is in the colonies from 6 to 10 per cent. 
Slaves, one with another, ooſt 30/. ſterling per head. 
Reckon then the intereſt of the firſt purchaſe of a 
ſlave, the; infurance or riſhue on his life, his cloathing 
and: diet, expences in his ſickneſs, and loſs of time, 
loſs, by his negle& of buſineſs, (neglect. is natural to 
the man Who is not to be benefited by his own care 
or diligence) expence of à driver to keep him at work, 
and his pilfering from time to time, almoſt every ſlave 
being, from the nature of ſlavery, a thief; and com- 
pare the whole amount with the wages of a manufac- 
turer of iron or wool in Exgland, you will ſee that la- 
bour is much cheaper there, than it ever can be by 
negroes here. Why then will Americans. purchaſe 
ſlaves? Becauſe ſlaves may be kept as long as a man 
pleaſes, or has occaſion for their labour; while hired 
men are continually leaving their maſter (often in the 
midſt of ys wann! Nn letting up for en. 
§ 8. 

15. As this increaſe * ice depe ads on the encou- 


ragement of marriages, the Fllowing things, muſt di- 
miniſh a nation, ui, 1. The being congueredz for the 
8 will engroſa as many offices, and exact as. 


e! Q qui 


much 
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much tribute or ptoſit on the labour of the conquered, 
as will maintain them ind their new: eſtabliſhment; 
and this diminiſhing the ſubſiſtence of the natives, 
diſcourages their marriages, ' and ſo gradually .ding- 
niſhes; them, while the foreigners, increaſe. 3, Loſs 
of territory. Thus the Britons being driven into Wale, | 
and crouded together in a barren, conntry, inſufficieut 
to ſupport ſuch great numbers, diminiſhed, tall, the 
people bore a proportion to the produce, While the 
Saxons; increaſed on their abandoned lands, till. the 
iſland became full of H Andi, were the. Rui 
now driven into #ales hy ſome foreign nation, there 
would, infa few years, ng mne Fanden in Bei- 
rain, than there are now people in M „ os of 
Ando, Manufactures epürtecd, draw. fublitence from 
foreign countries for numbers 4 .who(are thereby ann- 
bled to marry and raiſe families, It the nation be 0. 
.prixed of any branch of trade and no; now 
ment is found for the people oecupied in that hraggh, 
it will ſoon be deprived gf ſa many people. . KN 
of food; Suppaſe a nation. has n fiſhery, Which, not 
only employs great numbers, but mage. fool and 
ſuhſiſtanoe of the people cheaper if. ano at nation 
becomes maſter, of , the, ſeas, and, prevents tbe. filhery, 
the people will: diminiſh ini proportien: as the loſe, f 
employ;-;and-dearneſs.;of.providon makes it mare. Aif⸗ 
Hcult tor ſubſiſt a family: 8. Bad gowernmęnt and an- 
ſecurs property. People not onlyr lav, fucks Son- 
try, and ſettling a ingorporate with thr ae 
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Den of echeſe that remaſm being diſcouraged, 
e quantity vf ſübſiſtende in 'the — iy lellened. 
und ide ſupport of h farnily' becomes more difficult. 

qt eu tend to dimimiſh a people! 6. The in- 
Wocluctiog of avez. The negroek: brought! into the 
aps exe; ee wave greatly dimtniſhed the 
Whites! there; the” pobr dre by thib meanb deprived of 
pleyment, While a 1 W Nam le acquire vaſt eflateb, 
b they ſpend on foreign luxuries, und educating 
heir children in chte habit of thoſe luxuries j the ſame 
Amenche is fsededbfbr .the\fapport' df one, thut might 


ade Maifftäaised enk hundred. The Wiütes who have 
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= añ vel * ;ar&"efffeedled; And therefore not 

| H. phat) the flaves Being worked toe hard, 
AN 1 Kd. heir vonftitttibins ure broke; and! the 
2 ae ellen are möte than the births; ſo that 
Sate be needeti om MHfitu. 'Themorthern 
ſlaves} mereafe-itt whites: "Syaves 

4 promoters 26ſec: chem the white 
| "children become 'prou With labour, and 
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in England, by the ſettlement of her-colonies ; or in 
Guinea, by a hundred years exportation of ſlaves, that 
has chlackened half America? The thinneſscof the in- 
habitants in Spain, is owing to national pride, and 
idleneſs, and other cauſes, rather than to the expul- 
ſion of the Moors, or to the making of new ſettlements; 
Ja. There is, in ſhort}ino bound to the prolific na- 
ture of plants or animals, but what is made by their 
crowding and interfering with each others means of 
ſubſiſtence; Mas the fate of the earth Vacant of other 
plants, it might be gladually: ſowed and overſpread 
with one kind only as for inſtance, with fennel; and 
were ãt empty off other inhabitants, it might, in a few 
ages; be repleniſhed, from one mation only, as for in- 
ſtance, with Engliſhmen.” Thus there are ſuppoſed to 

be now upwards of one million of Exgliſß ſouls in 
North America (though it is thought ſcarce 80, ooo have 
been brought over fea), and 5 perhaps there is not 
one the fewer in Britain, but rather many more, on 
account of the employment the colonies afford to ma- 
nufacturers at home. This million doubling, ſuppoſe 
but once in 25 years, will, in another century, be 
more than the people of England, and the greateſt 
number of Engliſomen will be on this fide the water. 
What an acceſſion of power to the Brit; empire by 
ſea as well as land! What increaſe of trade and navi- 
gation | What numbers of ſhips and ſeamen! We 
have been here. but little more than a hundred years, 
An het tht force of our privateers in the late war, 


united, was greater both in men and guns, than that 
| 2 
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of the whole Bricz/h navy in queen Tlizabeth's time. 
Hoy important an affair then to. Britain, is the ꝓreſemt 
treaty * for ſettling the bounds between her clonie 
and the Nreueb / and how careful ſhould ther be to ſe- 
eure room enough, ſince on the room depends ſo much 
the increaſe of her people t 9513 07 O oth e to non 
23. Im fine a nation well regulated is ike a poly- 
pus +5" tabe away a lumb, its place is ſoon ſupplied; 
out it in co, and cach deficient part ſhall ſpeedily 
dut of the part romaining- Thus, if you: hwwe 
voom and ſubſiſtence enougli, as you may; by dividing, 
make ten polypuſes out/of: one, you may, of one, make 
ten nations, equally! populons and powerful; or, ra- 
ther, inercaſe 9 numbers and ſtrengtk. 
„e 976, 91907 nf T r i 1 
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8 Royal :] Find 175 Aa Hard or two in your laſt, 
— that you are willing to be found fault 
with; 95 autkoriſes me to let you. know what I 
am ati loſs about in ꝓour papers, which. is only in 
che article of the water-ſpout. I am in doubt, whether 
_ water an bulk, or even broken into drops, ever aſ- 
Cendls into the region of the clouds per worticem; 44.6. 
Whether there be, in reality, what I call a direct wa- 
ter- peut. I make no doubt of direct and inverted 
e deſcription. of them, and the reaſop 
of. the thing, are ſufficient, I am ſenſible too, ;that 
e are very ſtrong, and often move conſiderable 
weights. But I have not met with an. hiſtorical ac- 
counts that ſeem exact enongh to remove my ſcruples 


«ancerning the aſcent aboveſaid. 


236. - © Ezomrers aud PA EES 


— 
— 


Deſcending ſpouts (as I take them to be) are many 
times ſeen, as I take it, in the calms, between the ſea 
and land trade-winds on the coaſt of Africa. Theſe 
contrary winds, or diverging, I can conceive may oc- 
caſion them as it were by ſuction, making a breach in 
a large cloud. But 1 imagine they have, at the ſame 
time, a tendency to hinder any direct or riſing ſpout, 
by carrying off the lower part of the atmoſphere, as 
faſt as it begins to rarefy; and yet ſpouts are frequent 
here, which ſtrengthens my opinion,” that all of them 
deſcend. | i An; 

But however this be, I cannot conceive a force pro- 
ducible by the rarefication and condenſation of our at- 
moſphere, in the circumſtances of our globe, capable 
of carrying water, in large portions, into the region 
of the clouds. Suppoſing it to be raiſed, it would be 
too heavy to continue the aſcent beyond a conſiderable 
height, unleſs parted into ſmall drops; and even then, 
by its centrifugal force, from the manner of convey- 
ance, it Woulck be flung out of the circle, and fall ſcat- 
tered, like rain. TRL fits = Ll vi 31 $: 4 I OI 
But I need not expatiate on theſe matters to yo. 
1 have mentioned my objections, and, as truth is my 
Purſuit, ſhall be glad to be informed. I have ſech few 
accounts of theſe whirl or. eddy winds, and as Httie bf 
the ſpouts; and theſe,” eſpecially, lame and poot things 
ts obtain any certainty by. If you know any thing 
Heterminiate that has been obſerved,” I ſhall Hope to 
hear from yo as alſo of any miſtake in my thoughts. 
nu *I 97031 e Zofe 08642 get 3507 CINHOI 
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I chave: nothing to object to any other part of your 

| * — — and às to that on the de wind F bes 
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P. $-Thes figures in the Philoſophical — 
ſhew; by ſeueral circumſtances, that they all deſcended 


cho therrelatprs'i ſeemed to think they took up water | 
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your ſerupling the of, the intention. How- 
ever; I, muſt - I cannot tell exactly be far 1 


was acted by hopes of better information, a daſeaver- 
ing the whole foundation of my opinion, which, in- 
' deed, is but an opinion, as I am very much at a loſs 
about: the validity, af the, reaſona. I have nat been 
able to differ from you. in ſentiment concerning ary 
thing elſe in your Supau. Im the prefent cafe 1 
lie open to conviction, and ſhall be the gainer when 
informed. If Lam right, you will know- that, with- 
out my adding any more. Too much ſaid on a merely 
| . matter, is but a robbery committed. on prac- 

tical iq edge. 7 am too much pleaſed with 
+ theſe dry notions : However, by this you will ſee that 
I think it unreaſonable to give you more trouble about 
them, than, Pour leiſure and-inclination wy prompt 


you to. 


an, Ge. 


y ia Lengede ade ar Tie begin 
with the reaſons of my diſſatisfaction about the 
aſcent, of water in ſpauts, you would not be unwilling 
to hear the whole I have to ke ang, en 78 My. 
know what I rety upon once at | 
What occeafioned my "ehinking al Perl d end 1 is, | 
that I found —̃ do,” A Wer = ap- 
peared concerning the aſeent of ſo a 
' water{ by any force I Was appriſed' of, 'as probably füf- 
tient. And. above all, a view of Mr. Stuart's portraits 
of Monts, in the PAY Tranſattions. 
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Sens obſervations!.oh' theſe luſt, Will indlitde this 
chief part of my cfficultses. 13 To any ono 159t 
Mr. Stuart has given us the figures of a number ob. 
ſerved: byr him in the Meder rn: All with ſbme 
Fame tin make for my opinion, if well UrivwHd. 
The great ſpattering which refators mention in tlie 
fpout deſcends,” and which appears in 
all kis draeghts, I dvnccive t6 be Serafomed by droj 
deſcenditig very thick and large into che place. en gd. 
On the place of this ſpattering ariſes the appe 
ef a buſh; into the venter of which tlie ee comes 
down. TRS Dur 1 take to be forme by 
made by the force of the drops, With being uf 
monly large, and deſcending wich urtüſual forte by 4 
ſtream of wind deſcenSing Ae the Acud With cem, 
increaſes the height of che pray: Which Wind b 
repulſed by che furfuee ef ter tebounds 


water whert the 


 Tpreads; b — = the ſpruy Higher Wan 
otherwiſe would go; and by the laft mn 1 
hots outwards 15 


— — 
; | | 
e [2 f bas 125 | 
| — op int the ſame! where 2 
act of 4 peut enching ite and is” 


. Hide, Where the ſpout is 


ah, eee N ot 
Ffz | 


morn, — with * reverſed's for a di- 
rect one would ſweep the buſh ümwardezn if, in that 
ene, any; thing of aubuſh w end-appear , 
he Fillar of Mater. as they. galliit, Hm its like: 
neſs, n ſupppſen to be only; che end eee 
me cxthe-buth, alittle; blackened;by1 the-additio 

1 5 perhaps, — — 
enen Np mee in JR Mg, — refirate | 
on may 0 [APP$a7AnGs, Af Sharation, 
betwixt the tink bl ah db. it „The 
| 63%: the;by(þ zs;oplindricaly, as its aherre (V+ 4-4, the 
| * hw mop ythejputh h the water, 
Mittag of: chin 2 cal gh a whining, it mu 
4. — — — eget brs mt vom 


Ai Anqtheg Ber thetcuryg in dome. of 
9 5 2 to goncẽ ez in ale; of; deſqnding 
| be 


2 Prim: Winds af Nat, ! 

18S, iS Om mA 

bg peri 1 to it is harder t m e at 
E oyatets,, that git If hence 

fun, (29k — pin . 
de, in the prone part , And: the 


Day Sarkpifdhnaagh- wid Much force, 
6: es 4p Prevent this — Wd bs 
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7 is. Now, if whithWinids carried ug tlie water, 
ould expect alem in falt weather, b But nöt under 
— as is Obſervable of Wwhirtw Mürren! chehet tx 
far "Weather, not under the thade 2 x "El TH 
che night; fince ſnade cools the wire But, ofthe eck 
wary, violent "winds often Geſcend from the clouds; 
2 guſts whictoccupy fmdtifpaces ah From dhe 
„ Frtenſtve KürtiFanes, r 4c 
18 Ascher g the A ef Me nt om 
dig from the dloutl!'- This P cafitidt accbunt'f Fake 
notion of a direct cou gut! In Te tale der cone | 
Vite it is eff.. © 14k tat tue Aha Ve 
of all to pour out drops at "Ht paffiept 854 25 
Dramen; And, WHERE thät current of drops mereaſes, 
ſo as to force dowii wi and üapour the" {pont' be. 
bomes a Mt ius chat $688, Opaque, "1" take it, chat 
16'E164ids def (pots, Hut Nick as make very Faſt, fd 
Happen to eotidetife in 4 Partielat fpor, Whith; per 
is coldeſt! afid givev'a"deretiniiiarit "dohrnwward, 
| 16988 to met Paſlige "through te kübfgcent ab. 
moſphere. 1100 Iſt 3t wold ot barogagut od agi ung 
k11f Pouts urch, it is to Cäfry up tile wärtlt Hhttfied 
ar below,” worler down Alk And por that 1s colder 
— and; If iſd, they uſt carry #tl through 
Adud they go into, . Ken cold GP a, Tang 
E into the i; making a 
wonderful appearance at a de ce" to 05 
ive, by He Fwifterife fh body of Vapour,” above 
the tegion of the clouds. Biit, us thi hav never been 
obſerved int axle, 1 it be ſügpeſeabis kat is all. 


aan. I cannot 
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5 ——— aa wind, blows 
„than any, her way ;.; but; it 
e de s leaps diſtance rom. 
1 Howe hor has. been no 1nſtance of the, water 
of Way Hg when, coming; 3-crols any veel 
ah; ſea. e toon hat 2 have — 
wins; thele would make the " 2 11. 
I ſuppoſe it is e os ware f Her x 
dangerous UF ye > nature, at 18 an 
nivel don them e n, their decl 


» 2s £935 1 me OD: bot 3 
Whether they are not, generally, on the borders of 
trade: winds; and whether this is for, or againſt me? 
Whether there be any credible account af a Whirl. 
wand's carrying up all the water in aqpool, ar mall 
Pond; As when ſhoal, and the banks iow, a ſtrong 
guſt might be ſuppoſed to blow it all out? edo lt! 

Whether a violent tornado, of a ſmall Stent, and 
biber ſadden, and ſtrong; guſts, be not winds, from 
Above, e Perpendicular and, whether 
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not be too tedious, I would have obſerved a little 
Upon, in my own way, as, I think, this would argue 
againſt the aſcent, &c. but I muſt paſs it, not only 
for the reaſon mentioned, but want ef room beſides. 
Al to Mr. Stant's ocular- demonſtration of the 
aſcent in his great perpendicular ſpout, the only one it 
appears in, I ſay, as to this, what I have written ſup- 
poles him miſtaken, which, y et, I am far from aſſerting, 

The Forer of air airy % bak; having leſs influence 
on the ſolid drops of water, than on the interſperſed 
cloudy vapours, makes "The laſt whirl round ſwifter, 


though it deſcend flower: and this might eaſily de- 


cove, without griat care, the moſt unprejudiced perſon. 
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Read ar the Royal I Onght to have written to you, lon 
es ſince, in anſwer to yours of Oaks 
16, concerning the water-ſpout ; but buſineſs partly, 
and partly a deſire of procuring further information, 
by enquiry among my ſea-faring acquaintance, in- 
duced me to poſtpone writing, from time to time, 
till I am now almoſt aſhamed to reſume the ſubject, 
not knowing but you ny have forgot what” 22 been 
ſaid upon it. | 
Nothing, certainly, can be more improving to a 
ſearcher into nature, than objections judiciouſly made 
to his opinion, taken up, perhaps, too haſtily : For 
ſuch objections oblige him to re-ſtudy the point, con- 
ſidex every;circumſtance carefully, compare facts, make 
experiments, weigh arguments, and be flow in draw- 
ing concluſions. And hence a ſure advantage reſults, 
for 
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for he either confirms a truth, before too ſlightly ſup- 
ported; or diſcovers an error, and receives inſtruction 
from the objector. | 

In this view I conſider the objeftions and Temarks 
| you ſent me, and thank you for them fincerely : But, 
how much ſoever my inclinations lead me to Philoſo- 
phical enquiries, I am ſo engaged in buſineſs, public 
and private, that thoſe more pleaſing purſuits are fre- 


quently interrupted, and the chain of thought, necef- 


ſary to be cloſely continued in ſuch diſquiſitions, ſo 
broken and disjeinted, that it is with difficulty I ſatisfy 
myſelf in any of them: And I am now not much 
nearer a concluſion, in this matter of the ſpout, than 
when 1 firſt read your letter. 

Yet, hoping we may, in time, ſift out the truth * 
tween us, I wilt ſend you my preſent thoughts, with 
ſome obſervations on your reaſons, on the accounts in 


_ the Tranſactions, and on other relations I have met 


with. Perhaps, while I am writing, ſome new lighit 


may ſtrike me, for I ſhall now be obliged to confidet | 


the ſubje& with a little more attention; © 


« I agree with you, that, by means of a vacuum i in a4 


whirlwind, water cannot be ſuppoſed to riſe in large 


maſſes to the region of the clouds; for the preffure of 
the ſurrounding atmoſphete could not force it up in a 
continued body, or column, to a much greater height 


than thirty feet. But, if there really is a vacuum in 
the center, or near the axis of whirlwinds,” then, I 
think, water may riſe in ſuch vacuum to that height, 


or to a leſs height, as the vacuum may be leſs perfect. 


G g | Thad 
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I had not read Stwarr's account, in the TranſadHong. 
for many years, before the receipt of your letter, and 
had quite forgot it; but now, on viewing his draughts, 
and conſidering his deſcriptions, I, think, they ſeem to 
fayour my. bypotbefis ; for he deſcribes. and. draws o- 
lumns,; of Water, of, various heights, terminating. 
abruptly at, the top, exactly as, water would do, 

when forced up, by the preſſure of the Ropþon. 
into an exhauſted tube, '_ .. | 

I muſt, however, no longer call.it my | bypotbgfis, Lines; 

find Stuprit had: the fame: thought, (theugh ſomewhat: 

dſcurely. expreſſed, where, he ſays, * he imagines! this 
« phenomenon. may he ſolved by ſation. (improperly: 
« ſo called) or rather pulſion, as in the application of. 
e A cupping glaſs to the fleſh, the air being elt voided 
„ by the kindled flax.” 

In my paper, I ſuppoſed. a whirling, and a end to 
be the ſame thing, and to proceed from the fame: 
cguſe; the only, difference, between them, being, that 
the one paſſes over land, the other over water, 1 find, 
alſo, in the Tragſastions, that M. de 4a. Pryne was of 
the. ſame; opinion.; for he. there deſcribes, two, ſpouts, 
as he calls them, which were {cen; at. different times, 
at Hatfield, in York/tire,, whoſe, appearances: in the air 
Were the. fame: with thoſe of the ſpouts at fea, and 
_ effects the ſame; with thoſe of real Whirlwinds. 
Whirlwinds have, generally, a progreſſive, as: well | 
as a circular motion; ſo had what is called the ſpout. 
at Toſdam.— ¶ See the account of. it in the Tranſactiont)— 
een I . en ae. * | 

n 
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been a real whirlwind. Water-ſpouts have, alſo, a 
progreſſive motion; this is ſometimes greater, and 
ſometimes leſs; in ſome violent, in others barely per- 
ceivable. 'The whirlwind at Warrington continued long 
in Acrement-Cloſe. Ii 
| Whirlwinds generally ariſe after calms and great 
heats : The. ſame is obſerved of water-ſpouts, which 
are, therefore, moſt frequent in the warm latitudes. 
The ſpout that happened in cold weather, in the Downs, 
defcribed by Mr. Gordon in the Tranſat#idns, was, for 
that reaſon, thought extraordinary ; but he remarks 
withal, that the weather, though cold when the ſpout 
appeared, was ſoon after much colder; as we find it, 
commonly, lefs warm after a whirlwind. | 
You agree, that the wind blows every way towards 
a whirlwind, from a large ſpace round. An intelli- 
gent whaleman of Nuntuctet, informed me, that three 
of their veſſels, which were out in ſearch of whales, 
happening to be becalmed, Tay in ſight of each other, 
at about a league diſtance, if I temember tight, Heilt 
forming a triangle: After ſome time, a water-ſpout 
appeared near the middle of the triangle, when a briſk 
breeze of wind fptung up, and every veſſel made fail; 
and then it appeared to them all, by the ſetting of the 
ſails, and the courſe each veſſel ſtood; that the ſpout 
was to the lec ward of every one of them; and they all 
declared it to have been fo, when they happened alte. 
wards in company, and came to cohfer about it. So 
that in this particular like wife, whittwinds and water- 
Touts agree. 0 9 9 4 1 id ln enn eee 
Li | G g 2 But, 
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But, if ther which appears a water-ſpout at ſea, 
does ſometimes, in its . progreſſive motion, meet with 
and paſs over land, and there produce all the phæno- 
mena and effects of a whirlwind, it ſhould thence 
ſeem ſtill more evident, that a whirlwind and a ſpout 
are the ſame. 1 ſend you, herewith, a letter from an 
ingenious phyſician of my acquaintance, which gives 
one inſtance of this, that fell within his, obſervation. 

A. fluid, moving from all points horizontally, to- 
wards a center, muſt, at that center, either aſcend or 
deſcend. Water being in a tub, 1f a hole be opened 
in the middle of the bottom, will flow from all ſides 
to the center, and there. deſcend in a whirl. But, air 
flowing on and. near the ſurface of land or water, 
from all ſides, towards a center, muſt, at that center, 
aſcend ;_ the land or water hindering its deſcent. 

If theſe concentring currents of air be in the upper. 
region, they may, indeed, deſcend. in the ſpout or 
whirlwind ;. but, then, when. the united current reached 
the earth or water, it. would ſpread, and, probably, 
blow every way from the center. here may be whirl- 
winds of both kinds, but, from. the commonly ob- 
ſerved effects, I ſuſpect the riſing ane to be the moſt 
common: When the upper air deſcends, it is, perhaps, 
in a greater body, extending wider, as in our thunder- 
ſts, and without much. whirling; and, when air 
ſcends in a ſpout, or whirlwind, 1 ſhould rather 
expect it would preſs, the roof of a houſe inwards, or 
force in the the tiles, ſhingles, or thatch, force a 
down into the water, or a piece of timber into the 


earth,, 
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earth, than that it would lift them up, and carry them 


away. 
It has ſo happened, that I have not met with any ac- 
counts of ſpouts, that certainly deſcended; I ſuſpect 
they are not frequent. Pleaſe to communicate thoſe 
you mention. The apparent dropping of a pipe from 
the clouds towards the earth or ſea, I will endeavour 
to explain hereafter. 

The augmentation of the cloud, which, as I am in- 
formed, is generally, if not always the caſe, during a 
ſpout, ſeems to ſhew an aſcent, rather than a deſcent 
of the matter of which ſuch cloud is compoſed ; for a 
deſcending ſpout, one would expect, ſhould diminiſh. a 
cloud. I own, however, that cold-air deſcending, may, 
by condenſing the vapours in a lower region, form and 
increaſe clouds ; which, I think, is generally the caſe 
in our common thunder-guſts, and, therefore, do not 
lay great ſtreſs on this argument. | 

Whirlwinds, and ſpouts, are not always, though 
moſt commonly, in the day time. The terrible whirl- 
wind which damaged a great part of Rome, June 17, 
1749, happened in the night of that day. The ſame 
was ſuppoſed to have been firſt a ſpout, for it is ſaid 
to be beyond doubt, that it gathered in the neighbour» 
ing ſea, as it could be tracked from Oma to Rome. | I 
find this in Pere B s account of it, as abridged 
in the Review for December 1750. 


In that account, the whirlwind is ſaid to have ap- 
peared as a very black, long, and lofty cloud, diſco» 
verable, notwithſtanding the darkneſs of the night, 
by 
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by its continually lightning of emitting flaſhes on all 
ſides, puſhing along with a ſurpriſing ſwiftneſs, und 
within three or four feet of the ground; Its general 
effects on houſes, were, tripping off the roofs, blow= 
ing away chimneys, breaking doors and windows, 
forcing up the floors, and unpaving the rooms, (ſome of theſs 
s ſeem to agree well with a ſuppoſed vacuum in 
the hier of the wlyrlwind) and the very rafters of 
the houſes were broke and diſperſed; and even hurled 
againſt houſes at a conſiderable diſtance, &e, 

It ſeems, by an expreſſion of Pere Beſcbovied's, us if 
the wind blew from all ſides towards the Wwhirlwind; 
for, having carefully obſerved its effects, he concludes 
of all whirlwinds, that their motion i circular, and 
« their action attractive.“ 

He obſerves, on a number of hiſtories of whirl- 
winds, , &, that a common effect of them is, to 
© carry up into the air tiles, ſtones, and animals them- 
© ſelves, which happen to be in their courſe, and all 
« kinds of bodies unexceptionably, throwing them to 
«a conſiderable diſtance, with great impetuoſity. 1 
duch effects ſeem to ſhew a riſing current of air. 

I will endeavour to explain my coneeptiorts of this 
matter by figures, 2 Q 4 121 and an ation 
: of a ſpout or Whirlwind. 

I would only firſt beg to hs allowed two or rte po- 
ſitions, mentioned in my former paper. 

I. That tlie lower fegion of ait is often more hedted, 
4 fo more rariſied, than the upper 3 confequentiy 
1 Ughter. The celdneſs of the upper 1 5 
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is manifeſt by the hail which en falls from it 
in a hot day al 

. That heated ale: may de vey moiſt, and yet the 
moiſture equally diffus d and rarified, as not to. be 

viſible; till colder air mixes with it, when it condenſes, 

and becomes viſible, Thus our breath, inviſible in 

ſummer; becomes vifible in winter. 

Now let us ſuppoſe a tract of land, or ſea, of per- 
haps ſixty mile ſquare, unſcreened by clouds, and un- 
fanned by winds, during great part of a ſummer's day, 
or, it may be, for ſeveral days ſucceſſively, till it is vio- 
lentiy heated, together with the lower region of air 
in contact With it, ſo that the ſaid lower air becomes 
ſpecifically. lighter than the ſuperincumbent higher re- 
gion of the atmoſphere, in which the clouds commonly 
float: Let us ſuppoſe, alſo, that rhe air ſurrounding 
this tract. has: not been ſo much heated during thoſe 
days, | and, therefore, remains heavier... The conſe- 
quence of this ſnould be, as I conceiveꝗ that the heated 
lighter air, being preſſed on all ſides, muſt aſcend, and 
the heavier deſcend; and, as this riſimg cannot be in all 
parts, or the whole area of the tract at once; for that 
would leave too extenſive a vacuum, the riſing will 
begin preciſely in that column that happens to be the 
lighteſt,” or moſt; rarified; and the warm air wilh flo r 
hotizontally from all points to this column, where the 
ſeveral currents meeting, andi joining. to! riſe; a wirt 
is naturally formed, in the ſame manner as a whithis- 
formed in the tub cf Water, by the deſcending fluid 
flowing from. all ſides of the tub, to the hole in the 

center, And, 
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And, as the ſeveral currents arrive at this central 
riſing column, with a conſiderable degree of horizontal 


motion, they cannot ſuddenly change it to a vertical 


motion; therefore as they gradually, in approaching 
the whirl, decline from right to curve or circular lines, 
ſo, having joined the whirl, they aſcend by a ſpiral 
motion; in the ſame manner as the water: deſcends ſpi- 
rally through the hole in the tub before - mentioned. 
Laſtly, as the lower air, and neareſt the ſurface, i is 
moſt rariſied by the heat of the ſun, that air is moſt 
acted on by the preſſure of the ſurrounding cold and 
heavy air, which is to take its place; conſequently, 
its motion towards the whirl is ſwifteſt, and ſo the 
force of the lower part of the whirl, or trump. 
ſtrongeſt, and the centrifugal force of its particles 
greateſt; and hence the vacuum round the axis of the 
whirl ſhould be greateſt near the earth or ſea,” and be 
gradually diminiſhed as it approaches the region of the 
clouds, till it ends in a point, as/at P in Fig; 1 Fine 
II. forming a long and ſharp cone. T7 TIN 
In Fig. I. which is a plan ien whicl- 
wind; the circle V. repreſents the central vacuum. 
Between 442 44 and nd 65 I ſuppoſe a body eber 
condenſed ſtrongiy by the preſſure of the currents 
moving towards it, from all "des without, and by its 
centrifugal force from within; moving round with 
prodigious ſwiftneſs, (having, as it were, the momenta 
of all the current united in 
* 5 willen n wa fariftakſs enn . 
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At is — beben bb isdn * 
& 6b chat riſes ſplrally; dy its foree it tears buildings: 
to pieces, twiſts up great trees by the root νν and, 

by its fpiral motion, raiſes the fragments o highy till! 

the preſſure of the ſurrounding and approwthingiclir> 
rents 3 can no longer —— | 
too:ftrong' for fach preffure, hen they fly — 
gent lines, as ſtones out of a ſling; and fall on all ſides 
ant at great diſtan ces n 1 (ord, 
If it happens at ſea, the water under and betweem 
aA and 6 6-will be violently agitated and driven: 
about, and parts. of it raiſed with the ſpirab current 
ä — {oi as to form 4 buth-like:appear-! 
ance . ee eue 014 uo gpalprenaeritty 
his cirele:iviof. various djameters;lorhatinies very 
ane hid: wit 16.5010 2deies ek big elit 
If the vacuum paſſes over uter, thenator:mithuriſe. = 
im i in a body;-oricolumn; to near the height of chir-f | 
erte Oe. 31102027 þ5Lnobad> 2d: onempad 


k ie pales over houſes; irn 


oß the aripampriy: © 113-0itibbs la ::mitmo d ls 
Fab HL inte roprefebbtgabs/clovation ioÞewaters 
: ſpout, wherein [ſuppoſe Pi. tobe thetonof at fioſt: | 
| 9 . — * 


F 


Now, Af fuppaſe ibis vrhürl af air wilh at firſt, be 
a8 inviſible aii the: air itſelf, though reaching, in real- 


1 0 * Lanes a Patris 

de o muck of it. 8 866 8. 3 of air 
. — the vacuum, and continued higher, in a 
. dee cabumti after dhe Vacuum ends in the point Pr till 
=} ii reaches the cool regioti of the tür. B B, the buſui 
a [5 | - deſcribed by Stuart, . the foct of the co- 
2. f lumn of nnter. © WHAT Ni 1 223459 
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___ "iti krom the water, to the region of cool air, in 

Wich our low ſummer thunder clouds commonly 
digt z but preſentiy it will become viſible at its extre- 
| - -.. ities. | ft ker hurt end, by the agitation of the water, 
Wb? uncler the.whirling part of. the circle, between P and 


1 2 = 8 Walart's bufh, and by the fwelling and riſing 
of the water, in the beginning vacuum, which is, at 
| firſt; a fmall, low, broad cone, ; whoſe top gradually 
diſes and ſharpens, as the force of the whirl encreaſes. 
[= in pen end it becomes viſible, by the warm air 


begins to be condenſed into thick vapour, by the cold, 
dani is ſee firſt at A, the higheſt part, which being 


3 N up to the cooler region, where its moiſture. 
E: 2  mpvycaohed,roondenſcs what ries nerd at B. which con- 


= 1 —  *denſookhazcint G, and tha condenſes what is rifing at D. 


' | Kira opetating by the:contadt of the vapours-faſter. in 
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It ſeems eaſy to conceive, how, by this ſucceſſive 
dondenſation from above, the ſpout appbars to drop 
or deſcend from the cloud, though . — of 
Which it is compoſed are all the while aſcending 
The condenſation of the moiſture contained in fo 
great a quantity of warm air as may be ſuppoſed to 
riſe in a ſhort time in this prodigiouſly rapid whirl, is, 
perhaps, ſufficient to form a great extent of cloud, 
though the ſpout ſhould be over land, as thoſe at 
Hatfield; and if the land happens not to be very duſty, 
perhaps the lower part of the ſpout will ſcarce become 
viſible at all; though the upper, or what is commonly 
called the deſcending part, be very diſtinetly ſeen. 

The ſame may happen at ſea, in caſe the wWhirl is 
not violent enough to make a high vacuum, and raiſt 
the column, &c. In ſuch caſe, the upper pùrt A BCD 

only will be viſible, and the buſh, perhaps, below. 
But if the whirl be ſtrong, and there be much duſt 
on the land, and the column WW be raiſet> from the 
water, then the lower part becomes viſible;' and fome- 
times even united to the upper part. For the duſt may 
be carried up in the ſpiral, whirl, till it reach the region 
pour is condenſed,” and riſe with that even 


where the va 
tothe clouds: And the friction of the whirling air, on 
the ſides of the column W W, may detach great quan- 
tities of its water, break it into drops, and carry them 
up in the ſpiral whirl mixed with the ain; the heavier 
drops may, indeed, fly off, and fall, in a ſhower; "round 
the ſpout 5; but much of it will be broken ihte wap 

yet * and thus, eee r 
» 60} I Ingen tt and, 
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and, by water at ** che whole tube wy de-iiancl 
reden. viſible. 

As the whirl weakens, Wande may (in 2 
— in the middle; the column of water ſubſiding, 
and the ſuperior condenſed part drawing up to the 
cloud. Vet ſtill the tube, or whirl of air, may remain 
entire, the middle.only. nen I as not con- 
Saning viſible matte. 

Dr. Stuart ſays, It was obſtorable of al the outs 

"” he ſaw, but more perceptible of the great-one ; that; 
+. towards the end, it began to appear like a hollow 
* anal, only black in the borders, but white in the 
< middle; and thongh at firſt it was altogether black 
# and opaque, yrt, now, one could very diſtinctiy 
ꝓerceive the ſea- water to fly up along the ee of 
this canal, as ſmoak up a»chimney.” 

And Dr. Marber, deſcribing a whickvind, * U . a 
thick dark ſmall cloud aroſe, with a pillar of light 
et n it, af about eight or ten feet diameter, and paſſed 
along the ground in a tract not wider than a ſtreet, 
#harribly tearing up trees by the roots, blowing them 
up in the air like feathers, and throwing up ſtones - 
Daf great weight to eu- ge in the _ 
Wg, ft io 695; 

Theſe accounts, the one of eee ry ear 
of a whirlwind, - ſeeing: in this particular, to agree 
what one Gentleman deſcribes as a tube, black in the 
Horders, and white in the middle, the other calls a 
hlack cloud withid pillar of light in it; the latter ex- 
en has * more af dme marti but 
5 fl the 
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the thing is the ſame; and it ſeems not very difficult 
to underſtand. When Dr. Stuart's ſpouts were full 
charged, that is, when the whirling pipe ef air was 
filled between à aa and $546, Fig. I. with quantities 
af drops, and vapour torn off from the column W W, 
Fig. II. the whole was rendered ſo dark, as that it 


.could not be ſeen — 
through, nor the 
ſpiral aſcending mo- 
and the aſcending bo. == a 
motion viſible. For, "0 PPM 
by inſpection of this 
both the part between the arrows @ and 4, and that 
between the arrows c and d, will appear much darker 
than «hat between 6 and , as there muſt be many 


tion diſcovered; but 
figure in the margin, 5 A ſection of our 
more of thoſe opaque particles in the line of viſion 


when the quantity 
aſcending leſſended, 
the pipe became 

more tranſparent, 

ſpout, with the vacuum in the middle, it is plain that 
if we look at ſuch a hollow pipe in the direction of 
the arrous, and ſuppoſe opaque particles to be equally 
mixed in the ſpace between the two circular lines, 


acroſs the ſides, than acroſs the middle. It is thus 
that a hair in a microſcope evidently appears to bea 
pipe, the ſides ſhewing darker than the middle. Dr. 
Mather's whirl was probably filled with guſt, the ſides 


were very dark, but the vacuum within rendering 
the 


238 1 


the middle more ee he calls it a Pillar of 
ent. 
3 was in this more 1e PURE bags 5 and 
c, that Stuart could ſee the ſpiral motion of the va- 
pours, whoſe lines on the neareſt and fartheſt fide of 
the tranſparent .part croſſing each o her, repreſented 
ſmoak aſcending in a chimney; for th quantity being 
ſtill too great in the line of ſight through the ſides 
of the tube, the motion could not be'. diſcovered. 
there, and ſo repreſented the ſolid ſides of the 
chimney. 

When the vapours reach in the pipe from the dn 
near to the earth, it is no wonder now to thoſe who 
underſtand Electricity, that flaſhes of lightning ſhould 
deſcend by the ſpout as in that of Rome. 

But you object, If water may be thus carried into 
the clouds, why have we no ſalt rains? The objection 
is ſtrong and reaſonable, and I know not whether I 
can anſwer it to your ſatisfattion; I never heard but 
of one ſalt rain, and that was where a ſpout paſſed 
pretty near a ſhip, ſo I ſuppoſe it to be only the drops 
throun off from the ſpout, by the centrifugal force 
(as the birds were at Hatfield) when they had been 
carried ſo high as to be above, or to be too ſtrongly 
centrifugal for, the preſſure of the concurring winds 
ſurrounding it: And, indeed, I believe there can be 
no other kind — ſalt rain; for it has pleaſed the 
goodneſs of God ſo to order it, that the particles of 
air will not attract the r _ ſalt, Pak they: 
ae ae water. „ VIGEON 
2 | 20D. ; — 


Mg. 
. 
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Hence, though all metals, even gold, may be united 
with ale, and rendered volatile, ſalt temains fit in the. 
fire, and no heat can force it up to any conſidetable 
height, or oblige the air to hold it. Hence, when ſalt 
riſes, as it will a little way, into air with water, there 
is inſtantly a ſeparation made; the particles of water 
adhere to the air, and the particles of ſalt fall down 
again, as if repelled and forced off frotn the water by 
ſome power in the air; or, as ſome" metals diffolved in 
a proper menſtruum, will quit the ſolvent when other 
matter approaches, and adhere to that, ſo the water 
quits the ſalt, and embraees the air; but air will not 
embrace the ſalt, and quit the: water, otherwiſe our 
rains would indeed be falt, and every tree and plant 
on the face of the earth be deftroyed; with* all” the 
animals that depend on them for ſubſiſtence H 
who hath proportioned and given proper qualities to 
all things, was not unmindful of this. Let us dre 
Hu with praiſe and thankſgiving! 37 
By ſome accounts of ſeamen, it hats: the cbt of 
water W W, ſometimes falls ſuddenly; and if it be, 
4s ſome ſay, fifteen or twenty yards diameter, it muſt. 
fall with great force; and they may well fear for their 
hips. By one account, in che Tr anſa#ms, of a ſpout 
that fell at Colne in Lantaſbirr, one would think the 
tolumn is ſometimes lifted off from the water, and 
carried over land, and there let fall in a ody dut 
this, I ſuppoſe, happens rarely | 
Stumt deſvribes his ſpouts as reg 10 bigger 
chan @ mat, and ſometimes leſs; but they were ſeen 
at a league and a half diſtance. TO FT BELLY 
DN I think. 
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I think I r read in Dampier, or ſome other 
voyager, that a ſpout, in its progreſſive motion, went 
over a ſhip becalmed, on the coaſt of Guinea, and firſt 
threw her down on one fide, carrying away her fore- 
maſt, then ſuddenly whipped, her up, and threw her 
down on the other ſide, carrying away her mizen-maſt, 

and the whole was over in an inſtant. I ſuppoſe the 
firſt miſchief was done by the fore-ſide of the whirl, 
the latter by the hinder-ſide, their motion being 
contrary. 

1 ſuppoſe a whirlwind, or at may be ſtationary, 
| when the concurring winds are equal; but if unequal, 
the whirl acquires a progreſſive motion, in the, direc- 
tion of the ſtrongeſt preſſure. 

When the wind that gives the b e BR 8 
becomes ſtronger below than above, or above than 
below, the ſpout. will be bent and the cauſe Keabng, 
ſtraiten again. 

Your Queries, towards the and of your Si, oy ap- 
pear judicious, and worth conſidering. At preſent I 
am not furniſhed with facts ſufficient: to make any 

pertinent anſwer to them; and this paper has d 
4 ſufficient quanti va conjecture. „ [it 

Your manner o accommodating the, accounts +0 
your. hypotheſis, of deſcending ſpouts, is, I own, in- 
genious; and perhaps that hypotheſis may be true. 1 
will conſider it farther, but, as yet, 1 am add: atisfed 
with it, though hereafter I may bee. 
„Here you have my method of accounting for the 

principal phznomena, which]; in ſubmit to your: candid 
examination. | oon8Rib Vil s bas org A 38 
117 I And 


* 
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And as I now ſeem to have almoſt written a book, 
inſtead of a letter, you will think it high time I ſhould 
conclude; which I beg leave by 125 with r vou 


tat . 
7 an ar 6. 


L. E T T E R XXI. 
From Doge. ., $ = . 
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ba. ede Hh at CY 


$1 

-9: J 1 R. 1 ak * be. 
' Read'at the Royal T AM favoured With our letter of the 
i chats 1 2d inſtant; and 0 Ky - Pleaſure, 
eee with your requeſt, in deſeribing as well as 
my memory ſerves me) the water-ſpont Ta at - 

tigua'; and ſhall think this, or any other ſervice I can 
do, well _repaid, if it contributes to your Wirten 


in ſo curious 4 diſquiſition n 
5 8 1 . "I TS IJ had 


151} 


I had often ſeen water. ſpouts at 4 diſtance, and 
heard many ſtramge ſtories of them, but never knew 
any thing ſatisfactory of their nature or cauſe, until 
that which I ſaw at Antigua; which convinced me 
that a water-ſpout is a Whirlwind, which becomes 
viſible in all its dimenſions by the water it carries up 
with it. | 
There appeared, not far from the mouth of the 

harbour of St. M, two or three water-ſpours, one 
df which took its courſe up the harbour. Its pro- 
ve motion was flow and unequal, not in a ftrait 
line, but, as it were, hy jerks or ſtarts. When juſt 
by the wharf I ſtood about 100 yards from it. There 
appeared in the water a circle of about twenty yards 
diameter, which, to me, Had dreadful, tho' pleaſing 
appearance. The water in this circle was violently 
agitated, being whiſked about, and carried up into the 
air with great rapidity and noiſe, and reflected a luſtre, 
as i the fun ſhined bright on that ſpot,” whith was 
more conſpicuous, as there appeared a dark circle 
around it. When it made the ſhore, it carried up 
. with the ſame Violence hingles, Raves “, large pieces 
Paule n roofs, of houſes, &c, and one ſmall. wooden 

it lifted entzge _ the foundation on wich it 
Bagg, and 4 80 7 in te the. diſtance of fourteen. feet, 
mg bre or. overſetting; and, 
: ae moved 


N e nigh be hivg 


wharf, for l Muehe from Me! 
from 


0 rd "RY 
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from Weſt to Eaſt, the houſe moved from Eaſt to 
Weſt. TWo or three negroes and a white woman, 
were killed by the fall of timber, which it carried 
up. inta the air, and dropt again. After thro 
the town, I believe it was ſoon diflipated ; for, except 
tearing a large limb from a tree, and part of the cover 
of a ſugar-work near the town, : do not remember 
any farther damage done by it. I. conclude, wiſhing 
* ſucceſs in your enquiry, 


And am, Cc. 
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8 Mappa, FRANKLIN, Eſq; of Philadelphia. 


STR, Bie, May 14, 1753: 
1 Received your letter of April laſt, and 

1756. thank you for it. Several things in 
it make me at a loſs which fide the truth lies on, and 
determine me to wait for farther evidence. 

As to ſhooting ſtars, as they are called, I know very 
little, and hardly know what to ſay. I imagine them 
to be paſſes of electric fire from place to place in the 
atmoſphere, perhaps occaſioned by accidental preſſures, 
of a non-eleQric circumambient fluid, and fo, by pro- 
pulſion, or allicited by the circumſtance of a diſtant 
11 minus electrified, which it ſhoots to fupply, 

and ep mes apparent by its contracted paſſage t 


Wart medium. Ete&tic fire in our globe is 
chown in action, — aſcending, deſcending, or 


_paſling 
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paſſing from region to region. I ſuppoſe it avoids too 
dry air, and therefore we never ſee theſe ſhoots aſcend, 
It always has freedom enough to paſs down unob- 
ſerved, but, I imagine, not always ſo, to paſs to diſ- 
tant climes and meridians leſs ſtored with it. 

The ſhoots are Tometimes all one way, which, in the 
laſt caſe, they ſhould be. 

Poſlibly there may be collections of particles i in our 
a tmoſphere, which gradually farm, by attraction, either 
Colas ones per ſe, or: diſſimilar particles, by the in- 
tervention of others... But then, whether they ſhoot 
Or explode, of themſelves, or by the approach of ſome 
ſuitable foreign collection, accidentally brought near 
by the uſual; commotions and interchanges of our at- 
moſph ere, eſpecially. when, the higher and lower regions 
intermix, before APE, of windg and | weather, | 1 
Save. 1 enn ab » 26049 G3 Blau mot 

2 believe 1 have, now ſaid .enough. of what d-khow 
nothing about. If. it ſhould ſerve for yqur amuſement, 
or een oblige ou, it is all, Leim at, and ſhall, at 
Four deſire, be always, ready. to a hat l ee 
am ſure of Jour A . 5. : % babnagob of ot n 

ond tief! 180: ago C e l H dw eee 

iter idea — * l Tran „ Jon bloc 


noift:p ni οnα: 34 02 e 
10 um we 50 . ie 0 Saul e ny, 396} 
183 37.74 <1: a! v1 | to bit d v1 Us 2c: h6f e! 
My s !is bak nies voir an „ahbe 6.16. wap 


; a] 6) 


A ſubſequent 


246 Luvrens and Pre 


A ſus PAPER jm 4 4. 


the Ropl COPOUTS: have been | hetieves 
"way O aſcents of water a n, tothe 
region of the clouds, and whithvinds' the means of 
— The world has been very well fatisfied 
with theſe opinions; and prejudiceck with reſpect to any 
obſervations abaut them. Men of learning and capa- 
city have had many opportunities in paſſing thoſe. re- 
gions where theſe omena were moſt er 
but ſeem induſtriouſſy to have declinet any 
them, unleſs to eſcape danger, as a matter of mgre his 
pertinehoe in a cafe ſo clear and e ast their nl re 
and manner of operation are taken to 5 Hence it 
has bern very diffleult to get any — 1 e atcyupts of 
them. None but thoſe they + near tan inform us f 
thing to be depended on; three ———— rh 
follow, where the veſſels were ſo near, that their crews 
. could not avoid knowing ſomething reqparkable with 

reſpect to the matters in queſtion. 

Capt. Jabn Wakefield, junior, paſfing the Straits of 
Gibraltar, had one fall by the fide of his ſhip; it tame 
down of a ſudden, as W and all agree the 
deſcent was certain. 


Capt. 
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Capt. Lang faf, on a voyage to the V Indies, Rad 
one come acroſs the ſtern of his veſſel, and paſſed away 
from him. The water came down in ſuch quantity 
that the preſent Capt. Mellung, who was then a common 
ſailor at helm, ſays it almoſt drowned him, running 
into his mouth, noſe, e bee, and adds, that it taſted 
perfectly freſh. 

One paſſed by the fide of Capt. Eulen“ ſhip, fo 
near that it a pretty plain that the water de- 

ſeended from firſt to laſt. 

Mr. Nobert Spring was fo near one in the Straits of 

Malacca, that he could perceive it to be a ſmall very 
thick rain. | 
All theſe aſfure me, that there was no wind drawing 
towards them, nor have I found any others that have 
- obſerved ſuch a wind. 

It feems plain, by del fo instances that whirl- 
winds do not always attend ſpouts ; and that the wa- 
ter really defcends in ſome of them. But the follow- 
ing conſideration, in confirmation of this opinion, 
may, pethaps, render it probable that all ſpouts are 
deſcents. 

It | ſeems unkkely that there ſhould be two ſorts of 
ſpouts, one aſcending and the other deſcending. =» 

It has not yet been proved that any one ſpout ever 
aſcended, A ſpecious appearance is all that can be 
produced in farour of this; and thoſe 'who have been 
*noſt* about it, were at more chan a league's 
diftance when they obſerved, as Sturt and others, if T 
in not miſtaken. 3 1 believe it „ 
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to be certain whether water aſcends or deſcends at half 
the diſtance. 
It may not be amiſs to conſider che places where they 
happen moſt. Theſe: are ſuch as, are liable to calms 
from departing winds on both ſides, as on the borders 
of the Aquinoctial trade, .calmg on, the coaſt of Guinea, 
in the Straits of Malacca, &c. places where the under 
region of the atmoſphere is drawn, off, horizontally, 1 
think they, don't Fome where the. calms are without 
departing winds; and I take the reaſon to be, that ſuch 
places, and places where winds. blow towards. one ano- 
ther, are liable to whictwinds,: or other aſcents of the 
lower region, which I ſuppoſe contrary to ſpouts. 
But the former are liable to deſcents, which I take to 
be neceſſary to their production. Agreeable to this, it 
ſeems reaſonable to believe, that any Mediterraneam ſea 
ſhould be more ſubject to. ſpouts than others. The ſea 
uſually - ſa. called is fo, ; The. Straits of ' Malacea is. 
Some large gulpha may probably. be ſo, in ſuitable la- 
titudes,; ſo the Red Sea, &c. and all for this reaſon, 
that the heated lands on each ſide, draw off the under 
region of the air, and make the upper deſcend, whence 
ſudden and; wonderful condenſations. wa take e 


| and make, theſe deſcents. 
It ſeems to me, that che manner — 2 appearance 


DAE, and procedure, favour the notion, of a deſcenWt. 


More or. leſs of a cloud, as. I am. informed, always 
wer over the place. firſt; then à ſpattering on the 
| uff ace of the water below; and when this is advanced ? 


n 


0 e degree, the. {ſpout emerges f 
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cloud, and deſcends; and that, if the cauſes are ſuf- 
ficient, down to the places of ſpattering, with a roar- 
ing in proportion to the quantity of the diſcharge ; 
then it abates, or ſtops,” ſometimes more CITY; 
ſometimes more-ſuddenly. - 

I muſt obſerve a few things on theſe daten to 
ſhew how I think they agree with my hypotheſis, 
The preceding cloud over the place ſhews condenſa- 
tion, and, conſequently, tendency downwards; which 
therefore muſt naturally prevent any aſcent. Beſides 
that, ſo far as I can learn, a whirlwind never comes 


under a cloud, but in a clear ſæy. 
The. ſpattering may be eaſily conceived. to by cauſed 


by x ſtream of drops, falling with great force on the 
place, imagining the ſpout to begin ſo, when a ſudden 
and great condenſation happens in a contrateF _ 
as the Ox-Eye on the coaſt of Guinea.” 

The ſpout appearing to deſcend: from the cloud 
ſeems to be, by the ſtream of nearly contiguous. drops 
bringing the air into conſent, ſo as to carry down a 
quantity of the vapour of the cloud; and the pointed 
appearance it makes may be from the deſeending courſe 
being ſwifteſt in the middle, or center of the ſpout. 
This naturally drawing the outer /parts'inward; and 
the center to a point; and that will appear foremoſt 
that moves ſwifteſt. The phænomenon of retiring 
and advancing, I think may be accounted for, by ſup- 
poling the progreſſive motion to exceed or not equal 
the conſumption of the vapour by condenſation. Or 


mate plainhy thus: The "deſcending vapour which: 
K k | forms 
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forms the apparent ſpout, if it be ſlow in its progreſs 
downwards, is condenſed as faſt as it advances, and ſo 
appears at a ſtand; when it is contlenſed faſter than! it 
advances, it appears to retire ; and vice verſa. | 

Its duration, and manner of ending, are as en NN 
and may; vary by ſeveral accident. 

The cloud itſelf may be ſo eee as to ſtop 
it; as when, extending wide, it weighs down at a diſ- 
tance, round about, while a ſmall circle at the ſpout 
being exonerated by the diſcharge, aſcends: and- ſhuts 
up the paſſage, A new determination of wind may, 
perhaps, ſtop it too. Places liable to theſes appear- 
ances are very e to Sag and indden. alterations. 
of: it, at T5 

Such accidents as a a clap of Se fring cannon, 
&c. may ſtop them, and the reaſon may be, that any 
ſhock of this kind may occaſion the particles that are 
near cohering, immediately to do ſo; and then the 
whole, thus condenſed falls at once (Which is what I 
ſuppoſe is vulgarly called the breaking of the ſpout) 
and in the interval, between this period and that of 
the next ſet of particles being ready to unite, the 
ſpout ſhuts up. 80 that if this reaſoning is juſt, theſe 
phenomena agree with my hypotheſis. 860 
I The: mſual temper of the air, at the time of theit: 

8 if I have a right information, is for me 
to; it being then pretty cool for the ſeaſon and eli- 
mate; and this is worth remark, becauſe cool air is 
weighty; and will not aſcend; beſides, when the air 
_ cool, it ſhews. that. the upper region deſcends, 
and 
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and conveys this temper down; and when tlie tempers | 
are equal, no whirlwind can take place. But ſpduts 
have been known, When the lower region has been 
really cold. Gorden ſpout in the Downs is an inſtance 
of this (Vide Philoſophical 7. ranſactions here che 
upper region was probably not at all cooler, if {67 told 
as the lower: It was a cold day in the month of ' March, 
hail followed, but not ſhow:;' and it istobſervable, that 
not ſo much as hail follows or aecompanies hem in 
moderate ſeaſons ort climes, when and where'they # are 
moſt frequent. However, it is not improbable, that 
juſt about the place of deſcent may be cooler than the 
neighbouring parts, and fo favour the wonderful cele- 
rity of condenſation But, after all, ſhould w&allow 
the under region to be ever ſo much the hotteſt;? Aid d 
whirlwind::to take place 1 in it: Suppoſe then che ſea- 
water to aſoend, it GH uld certainly codl the ſpout, and 
then, query, whether . not Per nit, if not 
wholly;:: obſtruct its/progreſs.”' 19mool 1 3301 a ic 
It commonly rains when dn Appen if: it did 
not before, which it frequently does not, by the beſt 
accounts I have had; but the clqud encreaſes' much 
faſter after they diſappenr and it ſoon rains. The firſt 
ſhews the ſpout to be a contracted rain, inſtend of the 
| diffuſed ont that follows; and the latter that the cloud 
was not formed by aſcending water, for then it old 
have ceaſed growing when the ſpout vaniſſied- 
However, it ſeems that ſpoutt have ſometimes ap- 
peared after it began to rain; but this is one way a 
proof of my hypotheſis, wiz. as whirlwinds don t come 
under a cloud. 


K k 2 I forgot 
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* 1 to mention, that the- increaſe of cloud, 
while, the ſpout, ſubſiſts, is no argument of an aſcent 
of water, by the ſpout. Since thunder clouds ſome- 
times encreaſe greatly while it rains very hard. 

Divers effects of ſpouts ſeem not ſo well ect 
for; any other way as by deſcent. 

The buſh round the feet of them ſeems bed great 
ſpray of water made by the violence of deſcent, like | 
that in great falls of water from high precipices. - | 

The great roar, like ſome vaſt inland falls, is ſo df. 
ferent from the roar of And by all accounts, 

as to be no ways compatible. 

The throwing things from it with great force, in- 
ſtead of carrying them up into. the 21 is another dif- 
ference. 

There ſeems fame e that the Se 
tionary belief that ſpouts may break in their decks, 
and ſo deſtroy veſſels, might originate from ſore facts 
of that ſort in former times. This danger is apparent 
on my hypotheſis, but it ſeems not ſo on the other: 
And my reaſon for it is, that the whole column of 2 
ſpout from the ſea to the clouds, cannot, in a natural 
way, even upon the largeſt ſuꝑpoſition, ſupport more 
than about three. feet water, and from truly ſuppoſe- 
able cauſes, not above one foot, as may appear more 
plainly by and by. Suppoſing nom che largeſt of theſe 
quantities to riſe, it muſt be diſſeminated into drops, 
from the ſurface of the ſea to the region of the clduds, 
or higher s for this reaſon it is quite unlikely to be col- 


e into malles, or a body, upon its falling; but 
51010 E would 
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would deſcend im progreſſion according to the ſeveral: 
degrees of altitude the different portions. had arrived 
at when it received this new determination. 

Now that there cannot more riſe upon the common 
hypotheſis than I have mentioned, may appear pro- 

bable, if we attend to the only efficient cauſe in ſup- 
poſed aſcending ſpouts, 472. whirlwinds. 

We know that the rarefaction of the lower, and the 
condenſation of the upper region of air, are the only 
natural cauſes of whirlwinds. Let us then ſuppoſe 
the former as hot as their greateſt ſummer heat in 
England, and the latter as cold as the extent of their 
winter. Theſe extremes have been found there to 
alter the weight of the air one-tenth, which is equal 
to a little more than three feet water. Were this caſe 
poſſible,” and a whirlwind: take place in it, it might 
act with a force equal to the mentioned difference. 
But as this is the whole ftrength, ſo much water could 
not riſe ; therefore to allow: ĩt due motion upwards, 
we muſt abate, at leaſt, one- fourth part, perhaps 
more, to give it ſuch a ſwift aſcenſion as ſome think 
uſual.” But here ſeveral difficulties occur, at leaſt they 
are ſo to me. As, whether this quantity would ren- 
der the ſpout opaque? Since it is plain that in drops 
it could not do ſo. How, or by what means it may 
be reduced ſmall enough ? Or, if the water be not 
reduced into vapour, what will ſuſpend it in the region 
of the clouds when exonerated there? And, if va- 
pourized while aſcending, how it can be dangerous 
by what they call the breaking? For it is difficult to 
TL e conceive 


2 — Liintzrsand' PAPERS 


conceive how a condenfative power; ſhould inſtantane- 
ouſly take place of a rarifying and diſſeminating; on. 
The ſudden fall of the ſpout, or, rather, the: ſud- 
den ceaſing of it, I accounted: for, in my way, before. 
But it ſeems neceſſary to mention ſomething: I then 
forgot. Should it be ſaid to do ſo, (7. e.) to fall, be- 
cauſe all the lower ratified air is aſcended, whence, the 
whirlwind: muſt ceaſeg and its burden drop: I: cannot 
agree to this, unleſs the air be obſerved on a ſudden 
to have grown much older, which Icannot learn has 
been the caſe. Or ſhould it be ſuppoſed that the ſpout 
was on a ſudden, obſtrutted at the top, and this the. 
cauſe of the fall, however plauſible this might appear, 
yet no more water would fall than what was at the 
ſame time contained in the column, which is often, 
by many and ſatisfactory accounts to me, again "tur 
from being the.caſecrr en! 0) 325159 92190} & Hive ! 

Me are, I think, ſulficiently aſſured, that not only 
tons, but ſcores or hundreds of tons deſcend in one 
ſpout. Scores of tons more than can be contained in 
thei trunk of it, ſhould we ſuppoſe water to aſcend-. 
But, after all, it does not appear that the above- 
mentioned different degrees af heat and cold concur 
in any region where Wehen E Warm *. in- 
deed, 1 vg other.. los "I 
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Objervations on tbe METEOROLOGICAL wha 
by a Gentleman in Connecticut. 


+. 


Read atthe Royer 1 
mes 9 7 bens * 1 R and water ntually attract 
1756. each other, (ſaith Mr. F.) hence 


water will diſſolve in air, as ſalt in water.” I think 
that he hath demonſtrated, that the ſupporting of ſalt 
in water is not owing to its ſuperficies being increaſed, 
becauſe © the ſpecific gravity of ſalt is not altered by 
dividing of it, any more than that of lead, ſixteen 
bullets! of which, of an ounce each, weigh. as much 
in water as one of a pound. But yet, when this came 
to be applied to the ſupporting of water in air, I 
found an objection riſing in my mind. 

In the firſt place, I have always been loth to ſeek 
for any new hypotheſis, or particular law of nature, 
to account for any thing that may be accounted for 
from the known, general, and univerſal law of na- 
ture; it being an argument of the infinite wiſdom of 
the Author of the World, to effect ſo many things by 
one general law. Now I had thought that the riſing 
and ſupport. of water in air, might be accounted for | 
from the general law of gravitation, , by only ſuppoſing 
the ſpaces 11 by. the ſame wund of waten 
We | | 

And 


* . 
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And, with reſpect to the lead, I queried thus in my 
own mind; whether if the ſuperficies of a bullet of 
lead ſhould be increaſed four or five fold by an in- 
ternal vacuity, it would weigh the ſame in water as 
before. I mean, if a pound of lead ſhould be formed 
into a hollow globe, empty within, whoſe ſuperficies 
ſnould be four or five times as big as that of the ſame 
lead when a ſolid lump, it would weigh as much in 
water as before. I ſuppoſed it would not. If this 
concavity was filled with water, perhaps it might; 
if with air, it would weigh at leaſt as much leſs; as 
this difference between the weight of that included 
air, and that of water. 

Now although this would do nothing to account 
for the diſſolution of ſalt in water, the ſmalleſt lumps 
of ſalt being no more hollow ſpheres, or any thing 
of the like nature than the greateſt; yet, perhaps, it 
might account for water's rifing and being ſupported 
in air. For you know that ſuch hollow globules, or 
bubbles, abound upon the ſurface of the water, which 
even by the breath of our mouths, we can cauſe to 
quit the water, and rife in the air. 

Theſe bubbles I uſed to ſuppoſe to be coats of water, 
containing within them air rarified and expanded with 
fire, and that, therefore, the more friction and daſh- 
ing there is upon the ſurface of the waters, and the 
more heat and fire, the more they abound. | 

And J uſed to think, that although water be ſpeci- 
fically heavier than air, yet ſuch a bubble, filled only 


with fire and very rarified air, may. be lighter than a 
quantity 
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quantity of common air, of the ſame cubical dimen- 
ſions, and, therefore, aſcend; for the rarified air in- 
cloſed; | may more fall ſhort of the ſame bulk of com- 
mon air, in weight, than the 1 coat sd a 
Uke bulk of common air in gravity. 
This vas the objection in my mind, though, I nd 
confeſs, I know not how to account for the watery 
coat's encompaſſing the air, as above-mentioned, with- 
out allowing” the attraction between air and water, 
which the Gentleman ſuppoſes ; ſo that I do not know 
but that this objection examined by that ſagacious 
Genius, will be an additional 9 a the 
hypotheſis. NO! nr or nt vie Hd fo 10 

The — e That a: certain e 
of moiſture ſhould be every moment diſcharged and 
taken away from the lungs; and hence accounts for 
the ſuffboating natute of ſnuffs of candles, as im- 
pregnating the air with: greaſe; between which fand 
water there is a natural repelleney; and of air that 
hath been frequently breathed in, which is overloaded 
with water, and, for that reaſon, can take no more 
air, Perhaps the ſame obſervation will account * 
the ſuffocating nature of damps in Wells. 
But then if the air can ſupport ani take ſoff but 
ſuch a proportion of water, and it is neceſſary that 
water be ſo taken off from the jungs, I queried with 
myſelf how it is we can breathe in an air full of va- 
pours, ſo full as that they continually precipitated. 
Do not we ſee the air overloaded, and caſting forth 
water 1 when there 1s no ſuffocation ? . 
LI The 
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len Gentleman again obferves;:0 That the air 

undeb the Equator/: and between the Tropids, — 
3 conſtantly heated and -rarified by the fun, riſes; its 

<c.place1s/ſupphed by air from Northern and. Southern 
« latitudes, whichy/toming from ꝓartꝭ where! the Air 
and earth hallefs' motion, und not ſaddenly ac- 
% quiring the quicker motion ofthe equatorial earth, 
<<: appears an Baſt wind blowing Weſtward p the enrth 
< moving from Weſt the 1 ſlipping under 
c thb Ain. 11 ot ; 20 newt: :i50 vn igoict's.: 

In reading chin/tho-objeRonvificaiveditl mytmind: 

_ | Firſt, That it is ſaid, the trade wind dbtly nat blow 
in the forenoon, but only in the afternoon. 1: 
Secondly, That either the motion of che Northern 
and Suuthern air towards the Rquator is fe flow, as 
to acquire almoſt the ſame motion as the euatorial 
air when it arrives there, fo that: there) will he no 
ſenſible: difference;-<r elſe che motion of the Northern 
and Svutbern air towards the Bquator , is: quicker; and 
muſt be ſenſible : and then ve trade. wind. muſt ap- 
pear either as a South. Eaſt or North-Eaſt wind: South 
of: the Equator, a Sbuth. Raſt wind; North of the 
Equator, a North Eaſt. For the a t wind muſt 
be compoundel 'of this motion from Nortk to South, 
or vice verſa; and of the difference between its motion 
from Weſt to Eaſt, and that 'of the equatorial air. 1 


E 10 I u ig : Raid uss et i wort 11. 
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dh in alen to * foregoing 65 5. F, 


Read at Ld rt. "HE ſuppoſing a aid at- 
2 ene traction beween the partieles 


of water and air, is not introducing a new law of na- 
ture; ſuch attractions king Place in many othier 
known inſtances. oo 
* Water is Gecifienlly 8 50 tunes heavier than 
To render. a bubble of water, then, ſpecifically 
rig than air, it ſeems to me that it muſt take up 
more than 850 times the ſpace it did before it formed 
the bubble; and within the bubble ſhould be either a 
vacuum or air rarified more than 850 times. If a va- 
cuum, would not the bubble be immediately cruſhed 
by the weight of the atmoſphere ? And no heat, we 
know of, will rarify air any thing near ſo much; 
much leſs the common heat of the ſun; or that of 
friction by the daſhing on the ſurface of the water. 
Beſides, water agitated-ever ſo violently, produces no 
heat, as has been found by accurate experiments. 
- gdly.: A hollow ſphere of lead has a firmneſs and 
conſiſtency in it, that a hollow ſphere or bubble of 
fluid unfrozen water cannot be ſuppoſed to have. The 
lead may ſupport the preſſure of the water it is im- 
merged in, but the bubble could not ge che _ 
en. 155 air, if empty within. 
f. | LI 2 4thly. 
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4thly. Was ever a viſible bubble ſeen to riſe in air? 
I have made many, when a boy, with ſoap- ſuds and a 
tobacco- pipe; but they all deſcended when looſe from 
the Pipe, though ſlowly, the air impeding, their mo- 
tion. They may, indeed, be forced up by a wind 
from below, but do not riſe of n A 
filled with warm breath. OH! | 
5thly. The objection relating to our breathing moiſt 
air, ſeems weighty, and muſt be farther «conſidered. 
The air that has been breathed, has} doubtleſs; ac- 
quired an addition of the perſpirable matter which 
nature intends: to free the body from, and which would 
be pernicious if retained and returned into the blood; 
ſuch air then may become unfit for reſpiration; as well 
for that reaſon, as on account of its moiſture,” Vet I 
ſhould be glad to learn, by ſome accurate experiment, 
—— a draft of air, two or three times inſpired, 
and expired, perhaps in a bladder, has, or has not, 
acquired more moiſture than our common air in the 
dampeſt weather. As to the precipitation of water in 
the air we breathe, perhaps it is not always a mark of 
that air's being overloaded. In the region of the 
clouds, indeed, the air muſt be overloaded if it lets 
fall its water in drops, which we call rain; but thoſe 
drops may fall through a dryer air near the earth; and 
accordingly we find that the hygroſcope ſometimes 
ſnews a leſs degree of moiſture, during a ſhower, 
than at other times when it does not rain at all. The 
dewy dampneſs that ſettles on the inſides of our walls 


and wainſcots, ſeems more certainly to denote an air 
| overloaded 
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qyerloaded with moiſture ; and yet this is no ſure ſign : 
For, after a long continued cold ſeaſon, if the air 
grows ſuddenly warm, the walls, &c. continuing longer 
their coldneſs, will; for ſome time, condenſe the moiſ- 
ture ef ſuch air, till they grow equally warm, and then 
they condenſe no more, though the air is not become 
dryer: And, on the other hand, after a warm ſeaſon, 
if the air grows, cold, though moiſter than before, 
the dew is not, ſo, apt. to gather on the walls. A tan- 
kard of. cold water will, in a hot and dry, ſummer's 
day, collect a dey, on its outſide; a tankard of hot 
water will collect none in the Moiſteſt weather. 
6thly, It is, I think, a miſtake that the trade-winds 
blow, only in the * They blow, all day and 
all, night, and all the year round, except in ſome par- 
ticular places. The ſoutherly ſea-breezes. on your. 
coaſts, indeed, blow chiefly i in; the afternoon... .In the. 
very long run from the Weſt, fide; of America to, Guam, 
among the Philippine Iſlands, ſhips ſeldom, have occaſion. 
to. hand their ſails, ſo equal and ſteady, is the gale, and 
yet they make it in about 60 days, which could not be 
if the wind blew, only in the afternoon. 
2thly,. That really is, which the. Gentleman jultly 
hoſes ought. to be an my hypotheſis... In failing 
Southward, when you firſt enter the trade· wind, vou. 
find it North-Eaſt, or thereabouts, and it gradually 
grows more Eaſt as you. approach the line. The ſame 
obſervation is made of its changing from South-Eaſt 
to Eaſt gradually, as you come from the Southern lati- 


tudes to the equator. 
Obſervations 
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Read at FR HAT power by ie * air 4 
n \ pahds itſelf, you attribute to a 
mutual repelling power in the particles which compoſe 
the air, by which they are ſeparated from each other 
with ſome” degree of force: Now this force, on this 
ſuppoſition, miiſt-not only act when the particles are in 
mutual contact, but Hkewiſe when they are at ſome 
diſtance from each other. How can two bodies, whe- 
ther they be great or fall,” act at any diftance, whe- 
ther that diſtance be ſmall or great, without ſomethin 
intermediate ori which they act? Por if any body as 
on another, at any diſtance from it, however ſmall that 
diſtance” be, without ſome medium to continue the 
action, it mut act where | it is not, which! to me ems 
e. : ob 
It ſeems to me, 5 the lame WY kin abſurd 
to give a mutual attractive power between any other 
particles ſuppoſed to be at a diſtance from each other, 
without any thing intermediate to continue their mu- 
tual action. I can neither attract nor repel any thin 
at a diſtance, without ſomething between my han 
and that Fung, like a ring, or or a Nick nor can ms 
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deiye any mutual action without ſome middle: thing, 
hen the action is: cbntimed : to fome diſtan ce: 

de ehereaſe of the ſurface of any body leſſens its 
weight, both in aic; and water vor any other fluid, as 
appears by the ſlow deſcent of leaf. gold in the air. 
Ihe obſer vation of the dlifferentodenfity!of the up- 
per and lower air, from heat and cold i8gbod, and 
Ido not remember it is taken notibe of by others; the 
eofiſequenees alſo art well drawn; but as to winds, 
they ſeem principally to ariſe from ſome! bther cauſe. 
Winds generally blow from ſume large tracts of land, 
and from mountains. Where I: ve, on tlie North fide 
of the mountains; e frequently have a ſtrong Sdutherly 
wind; when they have as ſtrung 4 Northerty wind, or 
ealm, un the other ſide of theſe mountains: The con- 
wnual paſſing of iveſſels on Huch River, through 
theſe nne give anden ane of ob- 
ſerving this. ih 

In che ſpringiof the year the br pind (dJ apiercing 
cold) is always more uneaſy to me, acduſtomed to 
wintis which paſs over a enen en North- 
Weſt wind. 10 u. | d. 19 

au have 800 the common notion of water- 
ſpouts, which, from my own ocular obſervation, I am 
perſuaded, is à falſe conception. In a voyage” to the 
Wit Indies, I had an opportunity of obſerving man 
uts. One of them paſſed mearer than thirty 
or forty yards to the veſſel I was in, which I viewed 
with a good deal of attention; and though it be now 
forty years ſince I ſaw it, it made ſo ſtrong an impreſ- 


ſion. 
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ſion on me, that I very diſtinctly remember it. Thefe 
water- ſpouts were in the calm latitudes, that is, be- 
tween: the trade andi the variable winds, i in the month 
of July. That ſpout which paſſed ſo near us was an in- 
verted cone, with the tip or apex towards the ſea, and 
reached within about eight feet of the ſurface of the 
ſea, its haſis in a large black cloud. We were entirely 
becalmed. It paſſed ſlowly by the veſſel. I could 
plainly obſerve that a:violent ſtream of wind iſſued 
from the ſpout, which made a hollow of about ſix 
feet diameter in the ſurface of the water, and raiſell 
the water in a circular uneven ring round the hollow, 
in the ſame manner that a ſtrong blaſt from a pair of 
bellows would do when the pipe is placed perpendicu- 
lar to the ſurface of the water; and we plainly heard 
the ſame hiſſing noiſe which ſuch a blaſt of wind muſt 
produce on the water. I am very ſure there Was no- 
thing like the ſucking of water from the ſea: into the 
ſpout, unleſs the ſpray, which was raiſed in a ring to 
a ſmall height, could be miſtaken for a raiſing of 
water. I could plainly diſtinguiſh a diſtance of about 
eight feet between the ſea and the tip of the cone, iti 
which nothing interrupted the fight, which muſt have 
Arn, had the water been raiſed from the ſe. 

In the ſame voyage I ſaw. ſeveral dther ſpouts at a 
greater diſtance, but none of them whoſe tip of the 
cone came ſo near the ſurface of the water. In ſome 
of them the axis of the cone was conſiderably inelined 
from the perpendicular, but in none of them Was 


5 ben the ns appearance of ſucking up of water. 
b Others 
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Others of them were bent or arched. I believe that a 
ſtream of wind iſſued from all of them, and it is from 
this ſtream of wind that veſſels are often overſet, or 
founder at ſea ſuddenly. I have heard of veſſels being 
overſet when it was perfettty calm, the inſtant before 
the ſtream of wind ſtruck them, and immediately after 
they were overſet;' Which ebüld not otherwiſe be but 
** 


by ſuch a ſtream of wind from à clou I 
That wind is generated in klouds will hot admit of 
a diſpute. New if ſueh Wind de generated within the 
body of the cloud, and iſſue in one particular place, 
while it finds no paſſage in the other parts of the 
cloud, I think it may not he difficult to aceount for 
all the appesrances in water. ſpouts; and fromm henot 
the reuſon of breaking thoſt ſpbuts, by firing a can 
non- ball through them, às thereby! a horizontal - vent 
is given to the wind. When the wind is ſpent; which 
dilated the cldud, or the fermentation beaſes, which 
generates the dir and wind, che clouds they deſeetid ih 
4 prodigious fall of water or fan. A remarkable in 
teſtine motion, like a violent ferinenthtion, is very ob- 
fervable in the cloud from whence''the ſpout iſſues. 
No falt water, I am perfuaded/ Q ever obſerved to 
fall from the clouds,” which muſt certainly have hap- 
pened if ſea · water had been raifed by a ſportt: 
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recede from each other, according to the preſſure they 
ſuffered, I ſhould imagine there muſt be ſome finer 
medium between them, by which theſe nen, were 
performed. 


1 allow 
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alen, thay, increaſe. of che ſurface qf a body may | 
occaſion 15 ta, deſcend oer in air, water, or any 
other fluid; but. dg, not | anche, therefore, that it 
leſſens its Weight, „Where 4he.increaſed ſurface. i is ſo 
diſpoſed as that. in, a lg a e quantity of the 


fluid, at ſinkzſin muſt, of ed out of its. way, a 
greater, time is regu or eh removal. Four 
ſuare. feet of others lead { in water; Aroadways, 
cannot dei ;38 it would 4dgeways, yet 
15 weight, in the hydeollatic.ballancewrould,,L imaging, 
De be. he. ſamę, e pre the 1 middle O by 
the Fornex. Ton 220b 555 76 o006h 252; 


* ob make no dont but Aha ridges, of high mountains 
do: by fen, interrupt, top, cęxerberdte, o turn the 
winds that ige Againſt, zhem, according; 10 tbe dif 
Ferept..degrees. of. ſtrength of the, wands,, . 
8 of 1 I ſuppoſe, 4000 that, the cold upper 
Parts f -mountaing. mY: condenſe. the warmer, air that 
comes near them, aud do. by:makive.it. ſpecifically hear 
er, cauſe. it ty: . er both. lifes f the 
ridge into the warmer yalleys; whichiwll fee a wind 
blowing fromthe mountain, 5 00 bagger 101 

Damp winds; though nat colder by the. thenmome- 
3 


1793 5 uneaſfy ſenſation of cold than dry 
lg, (to peak Ie an electrician) they ande. 
515 better, fitted, bo, SORVEY 28WBJ:1 

bpdies.....The, body: 


* bot. in, chaſe parts.of which 
ewired of : aheir heat, by the air. * delk, 
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ta have bark vi poll to the ſame air; bur now 
if I lay my hand on the wood, it does not ſeem ſo cold 
to me-as the lock; becauſe (as I imagine) wood is not 
ſo*good'a conductor, to receive and convey away the 
heat from my ſkin, and the adjacent fleſh, as metal is. 
Take a piece of wood,” of the ſize and ſhape of a 
dollar, between the Miah | and finger of one hand, 
and a dollar, in like fiariner, wick the other hand; 
place the edges of both, at the ſame time, in the flame 
of a candle; and though the edge of the wooden piece 
takes flame, and the metal piece does not, yet you will 
| be obliged to drop the latter before the former, it con- 
ducting the heat more fuddenly to your fingers. Thus 
we can, without pain, handle glaſs and china cups 
filled with hot liquors, as tea, &c. bit not filver ones. 
A ſilver tea-pot muſt have a wooden handle. Perhaps 
it is for the ſame reaſon that woollen garments keep 
che body warmer than linnen ones equally thick; 
woollen keeping che natural heat in, or, in in other 
words, not conducting it out to art. 

In regard to water-ſpouts, having, in PINOY leiter to 
2 Gentleman af the fame ſentiment with you as to their 
direction, 4aid all that I have to fy in fu f my 
opinion; I need not repeat the arguments therein con- 
tamed,” as I intend to ſend eee Ke by foie 
ocker opportunity, for bur pe rufal. I imagine you will 
find all . Na pearances Nee ge "For 32 — 
| Hypotheſis, I thank you for 6 The 
ent of them. At t preſent T'wookd only fay; that the 
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opinion of winds being generated in clouds by fer- 
mentation, is new to me, and I am unacquainted 
with the facts on which it is founded. I likewiſe find 
it difficult to oonceive of winds confined in the body 
of clouds, which I imagine have little more ſolidity 
than the fogs on the earth's ſurface. The objection 
from the freſhneſs of rain-water is a ſtrong one, but 
1 think 1 have anſwered it in the letter above- men- 
tioned, to which I muſt beg leave, at preſent, to 
refer you. N 
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STI R, | | | Philadelphia, April 23, 1752. 


Read at the Royal IJ N conſidering your favour of the 
x756. 16th paſt, I recollected my having 
wrote you anſwers to ſome queries concerning the dif- 
ference between electrics per ſe, and non-electrics, and 
the effects of air in electrical experiments, which, I 
apprehend, you may not have received. The date I 
have forgot. | 
We have been uſed to call thoſe bodies electrics per 
fe, which would not conduct the electric fluid: We 
once imagined that only ſuch bodies contained that 
fluid; afterwards that they had none of it, and only 
3 educed it from other bodies: But further experiments 
ſhewed our miſtakes. It is to be found in all matter 
we know of; and the diſtinctions of electrics per ſe, 
and non-electrics, ſhould now be dropt as improper, 
And ithat of conductors and non-cunductors aſſumed in its 
place, as I mentioned in thoſe anſwers. | 
I do 
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I do not remember any experiment by which it ap- 
e that high rectified ſpirit will not conduct; per- 
ps you have made ſuch. This I know, that wax, 
roſin, brimſtone, and even glaſs, commonly reputed 
electrics per "ſe; will, when in a fluid ſtate, conduct 
pretty Well. Glaſs will do it when only red hot. 80 
that my former poſition / that only metals and water 
— — and other bodies more or leſs ſuch, 
as they partook of metal or moiſture, was too general. 
Four conception of the electric fluid, that it. is in- 
cemfufebly more ſubtle than air, is undoubtedly juſt. 
It pervades denſe matter with the greateſt eaſe; but it 
doe not wem to) nN of incerporarte willingly with 
meer alrz ius i does with other matter. It will not 
-quit oom dn matte: to- join with air; Air obſtructs, 
in ſsmef degret, its flöxion “ An olectric atmoſphere 
-catinotbe \communicated-at ſo gredt a diſtance,” tro 
intervenitig air, by fat, as through a:vacuunm WhO 
knows then, but there may be, as the Antients 
thought, u (regions of this fire above our atmoſphere, 
prevetitech $5 our air Land itb gπ].‚ ro | ove em 
Hor attrackton; fem ping bur eurth ; Perfr | 
dhe ae hofpherb 5 is rareſtʒ this u m do denlek, and 
lehrer ches eareh Where the atmoſphere” grows adenfer, 
| $#is/ Feld may be rarer yet ſome of it bs lowithoujh 
4674 6h jeſblf 10 Hr Higheft cle and thencd ue 
Beesming ectrifled many be attr Cd: h and Nefcerid 
eOWIrdg the earth, andruiſt harge thelb wiwtryueoh tents, 
together with thab wilycrigl: fre. Perhapi her nfurte 
Heeger are curiems bf iht fluid: hf its own region, 
tit: above 
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above our atmoſphere, becoming from their motion 
viſible. There i is no end to conjectures. As yet we 
en but novices in this branch of natural knowledge. 
Vou mention ſeveral differences of ſalts in electrical 
— Were they all equally dry.? Salt, is 
apt to acquire moiſture from a moiſt air, and ſome 
ſorts more than others. When perfectly dried by 
lying before a fire, or on à ſtoye, none that I Rave 
tried ill conduct any better than ſo much glaſs. 
i New flannel, if dry and warm, will draw the dee. 
trie fluid from aww as well as. that, which has 
been worn. 1218918 $107 £1 36100 lnb. 2: 
I wiſh you had aba convenience. of; RE * 
riments vou ſeem: to have ſuch expectations from, 
upon various kinds of ſpirits, ſalts, earth, Fc. 4 Fre- 
quently, in a variety of experiments, though. we miſs 
what we expected to find, yet ſomething valuable turns 
gut, ſomething @yprifing:” ang nee though 
unthonght of. 
I thank you * communicating the illuſtration of 
the theorem concerning light. It is very curious. But 
I muſt own I am much in the dark; about Abr. I am 
not ſatisfied with the doctrine that ſuppoſes, particles 
of matter, called light, continually driven off from 
the ſun's ſurface,, with a ſwiftneſs ſo, prodigious ! 
Muſt not the ſmalleſt L ae have with 
ſuch a motion, a force exceeding that of a. twenty- 
four pounder, diſeharged from a cannon ? ¶ Muſt not 
the ſun-diminiſh exceedingly; by ſuch a waſte, of mat- 
ter; and the planets, inſtead 8 
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him, as ſome have feared, recede to greater diſtances ' 
through the leſſened attraction. Yet theſe particles, 
with this amazing motion, will not drive before them, 
or remove, the, leaſt and lighteſt duſt, they meet with: 
And the ſun, for aught we know, continues of his 
antient dimenſions, and his attendants move in their 
antient orbits. 

May not all the phenomena of light be more con- 
veniently ſolved, by ſuppoſing univerſal ſpace filled 
with a btile elaſtic fluid, which, when at reſt, is not 
viſible, bart whoſe, vibrations affect that fine ſenſe in 
the eye, as thoſe of air do the groſſer organs of the 
ear? We do nqt, in the caſe of ſound, imagine that 
any ſonorous particles are thrown off from a bell, for 
inſtance, and fly in ſtrait lines to the ear; why muſt 
we believe that luminous particles leave the ſun and 
proceed to the eye? Some diamonds, if rubbed, ſhine 
in the dark, without loſing any part af their matter. 
1.can make. an clerical ſpark. as big 20 thy Wane. of 
a candle, much brighter, and, therefore, viſible fur. 
ther; yet this is without fuel; and, 1am perſuaded, 
no part of the electric fluid flies off in ſuch caſe, to 
diſtant places, but all goes directiy, and is to be found 
in the place to which I deſtine it. May not different 
degrees of the vibration of the aboue · mentioned uni- 
verſal medium, occaſion the appearances of different 
caloprs.?: I think the electric fluid is always the ſame; 
yet I find that weaker and ſtronger ſparks differ in ap- 
parent colour, ſome white, blue, purple, red; the 
. white; weak ones red. Thus different dee. 
Nn grees 
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of vibration given to the air, produce the ſeven 
different ſounds in muſic, analagous to the I co- 
lours, yet the medium, air, is the fame. 
If the ſun is not waſted by expence of light, 1 can 
_ eaſily conceive that he ſhall otherwiſe always retain 
the ſame quantity of matter; though we ſhould ſup- 
poſe him made of ſulphur conſtantly flaming. The 
action of fire only ſeparates the particles of matter, it 
not annibilate them. Water, by heat raiſed in 
vapour, returns to the earth in rain; and if we could 
collect all the particles of burning matter that go off 
min ſmoak, perhaps they might, with the aſhes, weigh 
as much is the body before it was fired: And if we 
could put them into the ſame poſition witli regard to 
each other; the mafs would be the fame as before, 
and 1 7 be burnt over again. The ehymiſts have 
analyſed f ur, and find it eom poſed, in certain pro- 
4 oil, faſt; and earth ; fo having, by the 
analyſis, diſcovered thoſe proportions „they can, of 
thoſe ingredients, make ſulphur. 80 we have only to 
fuppoſe, that the parts of the fun's ſulphur, ſeparated 
by fire, riſe into his atmoſphere, and there being freed 
from the immediate action of the fire, they collect into 
cloudy maſſes, and „ by degrees; too heavy to 
be tone fupported, they deſcend to the ſan, and are 
burnt over again. Hence the ſpots 'a on his 
face, which are obſerved to diminiſh daily in fize, their 
conſuming edges being of particular brightneſs.” 
It is well we are not, as poor Galileo was, fubject 
to the anten for Fe Hereſy. My whiſpers 
againſt 
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againſt the orthodox doctrine, in private letters, would 


de dangerous; dut your writing and printing would 
be highly criminal. As it is, you muſt expect ſome 
cenſure, but one Heretic will ſurely excuſe another. 
I am heartily*glad to hear more inſtances of the 
fucceſs of the Poke-Weed, in the cure of that hor- 
nble evil to the human body, a Cancer. You, will 
deſerve hi ghly | mankind for the communication. 
But 1 find in Bon they are at 4 loſs to know the 
right plant, ſome” — it is what they call Mecbua- 
chan, others other things. In one of their late papers 
ic is publickly re tefted hit a perfect deſcription may 
be given of the its places of growth, &c. 
nase miffaid' the” Paper, or would ſend ſt to e 1 


thongtit you had deſcribed it ey + 2 7 
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. 1 A irbye is A frag ragged, piece, 
1 or part of a cloud, hanging down 

about a yard ſeomingly, from the blackeſt part thereof. 
82 it hangs down ſloping from thence, or 
ſometimes appearing with a ſmall or elbow, 
2 the mi die. I never ſaw any hang perpendicularly 
t j8 ſmall at, the lower end, ſeeming no bigger 

ny one's arm, but {till fuller towards the ; cloud from 
whence it proceeds. 

When the ſurface. of the ſea begins to work, you 
ſhall. ſce-the water for about one hundred paces in cir- 
cumference foam and move gently round, till the 
whirling motion increaſes ; and then it flies upward in 
a pillar, about one hundred paces in compaſs at the 
bottom, but gradually leſfening upwards, to the ſmall- 
neſs of the ſpout itſelf, through which the riſing ſea- 
water ſeems to be conveyed into the clouds. This 
viſibly by the clouds increaſing in bulk and 
| blackneſs, Then you ſhall preſently ſee che cloud | 

drive along, though before it ſeemed to be without 
any motion. The ſpout alſo keeping the ſame courſe 
with the cloud, and ftill ſucking up the water as it 


8 and „ Thus 
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it continues for half an hour, more or leſs, until the, 
ſucking is ſpent, and then breaking off, all the: wates; 
which was below the ſpout, or pendulous piece of 
cloud, falls down again into the ſea, making a great 
noiſe with its falling and claſhing motion in the ſea, 

It is very dangerous for a ſhip, to be under a ſpout; 

when: it breaks therefore we always endeavour to 
ſhun it, by keeping at a diſtance, if poſſibly, we can. 
But for want of wind to carry us away, we are often; 
in great fear and danger, for it is uſually; calm when 
ſpouts ate at work, except only juſt where they are. 
Therefore men at ſea, when they ſee. a ſpout a coming, 
and know not how to avoid it, do ſometimes fire ſhot. 
out of their great guns into it, to give it air or vent, 
that ſo it may break, but 1 e pro- 
ved to be of any benefit. r. d rea 
And new we are on this ſubject, I; it not 
amiſs to give you an account of an Ne en Ta 
pened to a ſnip once on the coaſt of Guinea, ſometime in 
or ahout the year 1674. One Capt. Records, of, London, 
bound fot the coaſt of Guinea, in a.ſhip of three, hun- 
dred tons, and ſixteen guns, called the Bleſſing, when 
he came into latitude ſeven or eight degrees North, he 
aw ſcveral ſpouts; one of which came directly to- 
wards the ſhip, and he having no wind to get gut of 
che way of the ſpout, made ready to receive it, by fur- 
ling the ſails. It came on very ſwift, and broke a 
little before it reached the ſhip, making a great noiſe, 
and raifing the ſea round it, as if a great houſe, or. 
ſome ſuch thing, had been caſt into the ſea. — 
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of the wind ſtill laſted, and took the ſhip on the ſtar- 
d-bow with fach violence, that it — off the bolt- 


it and foremaſt both at once, and blew the ſhip all 
g, ready to overſet it; but the ſhip did preſently 
ght again, and the wind whirling round, took the 
ip a ſecond time with the like fury as before, but on 
e contrary ſide, and was again like to overſet her the 
other way: The men- maſt felt the fury of this ſecond 
blaſt, and was ſnapt ſhort off, as the foremaſt and 
boltſprit had been before. The main-maſt and main- 
top maſt received no damage, for the fury of the wind, 
(hick was prefently over) did not reach them. Three 
men were in the fotretop when the foremaſt broke, 
and ene on the baltſprit, and fell with them into the 
ſen, bit 1 of chem were ſaved. I had this relatiom 
— Mr. Jabn Canby, who was then quarterl maſter 
and ſteward ef her; one Abrabam' Wiſe was chief mate, 
amd Tana ee cond mate. E 107 97g 04 2) iff 
"We wrt winally muck afraid of them, yer mat 
hefty dinage that Fever Heard done by them. They 
ſeerg terrible eriowgh f the rather; becauſe they 'rome 
apo ya whe yr lie beeahined;” like à leg in the 
ſex, ank cannot get unt of cher Way. But though-I 
have deen ind Been beſer'by chem often, yet che fright 
rn nd oe the greateRFof the hari Damper; Vol. J. 
| F105 DEST Gem M oft lo V ods 
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As Arcount of a Sour „ the Cot of 1 New- 


is 


Guinea. From the ſame. © 


" TE had fair clear weather, and a fine moderate 
gale from South-Eaſt to Eaſt by North ; but 

at day-break the clouds. began to fly, and it lightened 
very much in the Eaſt North-Eaſt. At ſun- riſing the 
ſky looked very red in the Eaſt near the horizon; And 
there were many black clouds both to the South and 
North of it. About a quarter of an hour after the 
fun was up, there was a ſquall to the windward: of-us, 
when, on a ſudden, one of our men onthe fore-cafſtte 
called out that he 'faw ſomething a- ſtetn, but could 
not tell what. I looked out for it, and immediately 
ſaw a fpout beginning to work within a quarter of 2 
mile of us, exactly in the wind: We put 
right before it. it came very 6wiftly, whirling the 
water up in à pillar, about ſix or ſeven yards high. 
As yet I could not fee any pendulous cloud: from 
whence it might come; and was in hopes it would 
ſoon; loſe its force. In four or fire. minutes time it 
came within a cable's length of us, and paſſed away 
to leeward; and then 1 ſaw a long pale ſtream coming 
down to the whirling water. This ſtream was about 
the bigneſs of a rainbow. The upper end ſeemed 
vaſtly high, not deſcending from any dark cloud, and, 
therefore, the more ſtrange to me, I never having _ 
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the like before. It paſt about a mile to the leeward of 
us, and then broke. This was but a ſmall ſpout, and 
not ſtrong nor? laſting ; yet I perceived much wind in : 
it as it _—_ * us. Vol. II. P- 223. 
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'E aw a ſpout but a ſmall diſtance from wei 
it fell down out of a black cloud that yielded 
1 N - of rain, thunder, and lightning. This 
cloud) hovered to the Southward af us for the ſpace af 
three hours, and then drew to the Weſtward a great 
pace, at which time it was that we ſaw the ſpout, 
which hung faſt to the cloud till it broke, and then 
the cloud whirled about to the South -Eaſt, then to 
the Nonth-Eaſt, where meeting with an iſland, it ſpent 
itſelf, and ſo, diſperſed ; and immediately we had a little 
of the tail of 1. —_ hed noudibetere.” (Fol: II. 
= n SOUS 1D 4,39) $6. 
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THEN I was at HAS T had 
an opportunity of obſerving the 
of the ſea when diſturbed: At 
the head and ſtern of the veſſel, when under way, it 
appeared very bright. The beſt opportunity I had to 
obſerve it, was in a boat, in company with ſeveral 
gentlemen going from P about three miles, to 
our veſſel lying at the mouth of ' Piſcafaque River. 
Soon after we ſet off (it being in the evening) we ob- 
ſerved a luminous appearance where the bars daſhed: 
the water, Sometimes it was very bright, and after- 
wards as we rowed along, gradually leſſened; till al- 
moſt imperceptible, and then re-illumined. This we 
took notice of ſeveral times in the paſſage. When I 
got on board the veſſel, I ordered à pail to be dipped 
up, full of ſea- water, in which, on the water's being 
moved, a ſparkling light ap I took a linnen 
cloth, and ſtrained ſome of the water through it, and 
there was-a like appearance on the cloth, which ſoon ' 
went off; but on rubbing the cloth with my finger; it 
was renewed. I then carried the cloth to the t 
od O o ut 
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but could not perceive any —_ . It which ſhould 
. cauſe that appearance. ---- — — 
Several 2 were of opinion, that the ſepara- 
ted n of gu me and 888 % float 
ing on tt e el the ſea, migh cauſe, that ap- 
pearance ; for 7 &c. che el ad wil es cauſe it : 
And the ſea-animals which have died, and other bodies 
putrified therein ſince the creation, might afford a ſuf- 
ficient quantity of theſe particles to cover a conſider- 
able portion; af the furface of thie ſca; Aren 
being different ly diſperſed, might account for tho dif- 
ferent dagreea af light in the appearance above-men- 
tioned. But this account ſeems liable to this obvious 
abjection, That ias qutitid fiſh} Cc make a luminous 
appeacunta without being mabed tor diſturbed, it 
might be expected that the ſuppoſed putrid partieles on 
the ſutface of the ſea, ſhould always: appear luminous, 
where there is not a greater light; and} conſequeritly, 
that the-whald ſurfate af the ſea, coered with thoſe" 
particles, ſnould always, in dark nights; appear lum. 
nous] without being diſturbed. But this is not fact. 
_ - Among the reſt, I threw out my cbnmfecture That 
the ſald appearance might be eniaſel | by à great number 
of little animals, fldating on the farfate of the ſea, 
which, on being diſturbed, might, by expanding their 
fans. or otherwiſe moving thieniſchves; expoſe ſuek a 
part of their badies as exhübits a luminous a ice, 
ſome what in the manhenof :aggtowaybem, or flre-ffy: 
That: theſe; animals may be more numerous in ſéme 
1 athets ; and, 6 * 


0 
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abovementioned being fainter andl ſtrontze af erent 
places, might Bd Sieg to that: That Sen 
ſtances of weathee, Ne. m igkt invite then! to the * 
face, on which CH Rh hk ghit ſp port: theme ves 
and glow" or in Norris, forced up," make the 
ſave appearance!” TIE Fa Fee Þ: 
There is dene hiltithy Sh 'the fea thay 
boftocked with anitmalcals fer this putptft, 48 we 5 


m Nurure crewded witkr life! Bat ie WMoute t 


conceive that ſuch ſmall portions of matter, e 
they were _— — ſhould affect our ſight; 
that only a part of 
dem is luminous. But, if we conſider ſome. Sac 
Pearances, we may find the ſame 
ceive df them; an- det We CL ES Plac 
inſtance, the, 3 of a candle, which, it is ald Por 
be ſeen four miles round, The light which fills this 
circle of eight miles diameter was contain when it 
firſt left the candle, within a circle of half an inch 
diameter. If the denſity of light, im theſe uircung 
ſtanees: be as thoſe: circles to each uther that ig as the 
ſquares of their diameters; the>candie light wh c 
to. the: eye, will be 1027709337600 tunes rer than 
when it quittedi tha bali · inch cirche Num cle apers: 
tine ef the egg, through vrhiõ⁰ the: ſightopaiſes;/ des 
ot exceed —.— am inch dia mere andbrſte po- 
tion of de leſſen circa which! curre pom this] 
banner. the greater cibele; mul: be. lproporsi 
e L627709337500- tm tefs.than o 
an and yet this infinitely ſmall Foe 
Oo a2 (1 
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(if you will allow the expreſſion) affoxds light enough 
to make it viſible four miles; or, rather, affords licht 
ſufficient. to, affect the fight at that diſtance. 2 Ar! 

The ſmallneſs of the anĩmalcula is no objection then | 
to this conjecture ; for ſuppoſing them to. be ten thou- 
ſand times leſs than the minimum vijibile, they may, 
notwithſtanding, emit light enough to affect the eyes, 
and ſo to cauſe the luminous appearance aforeſaid; 
This ge 1 29 "8: * want. of em 
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ven bin * abe ah 2onciar 
elle WET idw td 21L -: 09S I 754 q 
Rnd att Te NY knowledge /I have the winds, 
EL 2 0 and other changes which happen 
in the W is ſo very defective that it does not 
deſerve the name; neither have I received any ſatiofac- 
tion from the attempts of others on this: nabe. It 
deſerves then your thaughts, as a ee you 
diſtinguiſh yourſelf,/-and be uſeful. 
Woe: our notion of famoithings conduBting best or cd 
than others, pleaſes me, and I wiſh may 
—.— e the ſent. If I remember right, Dr: Neuer, 
in his chymiſtry, thinks that heat is propagated' by 
neee elaſtic fluid, diſperſe —_—_ 
- Hicrrt viotinitat ent 397 bits (Oat f 10 0 
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the atmoſphere and through all "bodies. Sir 2 
Newton ſays, there are many phznomena to prove the 
exiſtence of ſuch à fluid; and this opinion has my 
aſſent to it. I ſhall only obſerve that it is eſſentially 
different from that which I call ther; for ether, 
properly ſpeaking, is neither a fluid "nor. elaſtic ; its 
Power conſiſts in re- acting any action communicated 
to it, with the fame force it receives the action. 
I long to ſee your explication of e Joop bus 
I muſt tell you before-hand, that it will not be 125 
for you to eonvince me that the principal h=nomena 
were not occaſioned” by a ſtream of wind iſſuing with 
great force, my eyes and ears bothconcurring te giye 
me this ſentiment, 1 could aue no more Evidenge 


than to feel the effects effects, which aa 5 inclination 


to do. 

I ſurpriſes me a little; tha wid, genera ted by far 
mentation; is new to vod, ſihce "It Wa de every day 
obſerved in fetmentirig liquor. 6 kw with what 
force fermenting liquory will dach e veſſels Which 
contain them, if the generated wind Rave not vents 
and with what force it iſſues on giving it a ſmall vent, 

or by drawing the cork' of a bord, Dr. 7 hw 
favs, that che ſteam iſſuing from fermentin 
received through a very 11 — Brin into "he d. 75 
will kill as ſuddenly and bee lig! tning. That 
air-is generated by fermentation, 1 think. you will 
fully proved in Dr. Halet's' At "of the 4 i his, Ver 
getable'Statics.” If you have flot 05 the, beit you. 
ae Sitkſore dr Ge," ray | 

The 
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Nunn, om, the.oppolite ſides of 
We rr rom, their being eddies, dora not pleaſe 
| me, becauſe Hp yt. Nay theſe N is ro too 
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South -Eaſterly, thoſe on the North. Kalt ide of it fad 
a South-Weſt wind, and. others on the South-Weſt 
nde, u North-Eaſt And where the cloud paſſes Over, 
we frequently Have a South-Eaſt wind from the hinder 
part of it, but none violent, except the wind it the 
direction in which the cloud moves. To ſhew what 
it is Which prevents the wind from iſſu g gut equally 
on all ſides, is not an eaſy problem. to, Fad 2 I. mall 
not attempt to ſolve it; but When gas what 
it is which reſtrains the electrical Bf id Wt \preqding 
itſelf into the air ſurrounding | 1 . it e WI 

great violence through the air ong. or in the con- 


ductor, for a great extent in length, then Þ ma hope 


to explain the other problem. md, "Teſs e dif- 
ficulty we have | in conceiving it. F 
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Propefal 7 N Krain 70 uber the 
" time talen uf by an Electric Spark, in moving 
through any given Space. By J. A. Eſp; of 
New-York. 
= anne IF I remember ri it, the Royal Soci 
1746. * wi made one L. ole to diſcover the 
velocity of the electric fire, by a wire of about four 
miles in length, ſupported. by ſilk, and by turning 
it forwards and backwards in a field, ſo that the 
beginning and end of the wire were at only the diſ- 
tance vf two people, the one holding the 7 bottle 
and the beginning of the wire, and the other holding 
the end of the wire and touching the ring of the 
bottle; but by this experiment no diſcovery was made, 
except that the velocity was extremely quick. 

As water is a conductor as well as metals, it is to 
be conſidered whether the velocity of the electric fire 
might not be diſcovered by means of water; whether 
a river, or lake, or ſea, may not be made part of the 
circuit through which the electric fire paſſes? inſtead 
of the circuit all of wire, as in the above experiment. 

Whether in a river, lake, or ſea, the electric fire 
will not diſſipate and not return to the bottle? or, 
will it proceed in ſtrait lines through the water the 
ſhorteſt courſes poſſible back to the bottle. 

If the laſt, then ſuppoſe one brook that falls into 


Delowore doth head very near to a brook that falls into 
| Schuylkill, 


On Philoſophical Subjects. | 289 


Schuylkill, and let a wire be ſtretched and ſupported as 
before, from the head of the one brook to the head of 
the other, and let the one end communicate with the 
water, and let one perſon ſtand in the other brook, 
holding the Leyden bottle, and let another perſon hold 
that end of the wire not in the water, and touch the 
ring of the bottle.—If the electric fire will go as in 
the laſt queſtion, then will it go down the one brook 
to Delaware or Schuylkill, and down one of them to 
their meeting, and up the other and the other brook ; 
the time of its doing this may poſſibly be obſervable, 
and' the further upwards the brooks are choſen, the 
more obſervable it would be. 

Should this be not obſervable, then fuppoſe the two 
bite? falling into Saſſucbhana and Delaware, and pro- 
ceeding as before, the electric fire may, by that means, 
make a circuit round the North Cape + Virginia, and 
go many hündreds of miles, and in doing that, it 

| would ſeem it muſt take ſome obſervable time. 
If Mil no obſervable time is found in that experi- 
ment, then ſuppo ſe the brooks falling the one into the 
Ohio, and the other into Saſquebana, or Potomack, in 
that the electric fire would have a circuit of dome 
thoufands of miles to go down Ohio to Mrſyfippr, to 
the Bay of Mexico, round Florida, and round the South 
Cape of "Virginia; which, I think, would give ſome 
obſervable time, and diſcover exactly the velocity. 
But if the electric fire diſſipates, or weakens in the 
wahe, "Us" 1 fear it does, thee” eee will not 
aner 1 No IB 
| . 2 
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mz \Uppaſe a. tube of any length. open. at 

1756. both ends, and containing, a, moveable 
wire of juſt the ſame length, that fills- its bore. If I 
attempt to introduce the end of another wire into the 
ſame tube, it nruſt be done by puſhing, forward the 
wire it already contains; and the inſtant I preſs, and. 
move. one end. of that wire, the, other- end is alſo. 
moved and in intraducing. one inch. of the fume wire, 
I extrude, at the ſame time, cinch of; the ks Frag: 
the. other end of the tube. 

If the tube be fillec with waters and. I. net I In. "is 
ditional inch of water at one end, I, Force out an; equal 
quantity at. the other; in the very ſame inſtant. 

And the water forced out at one end of the tube is. 
| not. the very... ſame; water that was forced, inn at the. 
other end. at. the ſame. time, ae in mation at 
the fame, time. 24 lo, ad 1210. 

„The long wire n of i the -xperiment, to- 
diſcover the velocity of the electric fluid, is itſelf wv 
with what. we call. its; natural quantity of that, fl 
before the hook of the 2. Wege is applied to ns 
end of * bp 4 zi 28 11 2 

The outſide of the, bottle bene at the time of tacks 
application, in contact with the other end of the INS | 


1 
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the whole quantity of electric fluid contained in the 


wire is, probably, put in motion at once, 

For at the inſtant the hook, connected with the 
anſide of the bottle, gives out ; the coating, or outſide 
of the bottle, draws in a portion of that fluid, 

If ſuch long wire contains preciſely the quantity 
that the outſide of the bottle demands, the whole will 
move out of the wire to the outſide of the bottle, and 
the over quantity which the inſide of the bottle con- 
tained, being exactiy equal, will low into the wire, 
and remain there, in the place of the quantity the 
wire had juſt parted with to the outſide of the bottle. 
But if the wire be ſo long as that one-tenth (ſap- 
poſe) of its natural quantity is ſufficient to ſupply _ 
what the outſide of the bottle demands, in ſuch caſe 
the outſide will only receive what 1s contained in one- 
tenth of the wire's length, from the end next to it; 
though the whole will move ſo as to make room at 
the other end for an equal quantity n. at the 
fame time, from the infide of the bottle. 

So that this experiment only ſhews the extreme faci- 
lity with which the electric fluid moves in ne it 
can never determine che velocity. | 

And, therefore, the propoſed Ape { though 
well imagined, and very — of ſending the 
ſpark round through a vaſt length of ſpace, by the 
Waters of Suſquehannah, or Potowmack, and Ohio, would 

not afford the ſatisfaction deſired, though we could be 
ſure that the motion of the eleftrie fluid would be in 
that tract, A H n r 'by 


9 | 
* 4. 
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An Account of the new-invented Penſylvanian 
Fize-Praces : herein their Conſtruction and 
Manner of Operation is particularly explained; 
their Advantages above every other Method of 
warming Rooms demonſtrated ; and all Objec- 

tioms that have been raiſed againſt the L 74 of 
them, anſwered and obviated. With Direc- 
tions for putting them up, and for 'ufing them 
to the beft Advantage. And a Copper-Plare, 
in which the ſeveral parts of the Machine are 
 exatly laid down, from a Scale of equal Parys. 


By. B. F. firft printed at Philadelphia in 174 5. 


'N theſe Northern. Colonies the inhabitants keep 

fires to fit by generally ſeven months in the year; 
that is, from the beginning of Offober, to the end of 
April; and, in ſome winters, near eight month, by 
taking in part of September and May. 

Wood, our common fuel,, which within theſe "Ling 
dred years might be had at every man's door, muſt 
now be fetched near one hundred miles to ſome. towns, 
and makes a very conſiderable. article in the 3 of 

families. 
As therefore ſo much of the ine and conve- 
niency of our lives, for ſo great a part of the year, 
depends on the article of fire ; ſee fuel is become ſo 
ex xpenſive, 28 * the country is more cleared 2 
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fled) will of courſe grow ſcarcer and dearer; any new 
propoſal for ſaving the wood; and for leffening the 
charge, and augmenting the benefit of fire, by ſome 
particular method of making and managing it, may 
at leaſt be thought worth conſideration. 
The new Fire PLaces are a late invention to that 
purpoſe, of which this A. is intended 0 give. a 
particular account. 

That the reader may the better judge La er this 
method of managing fire has any advantage over thoſe 
heretofore in uſe, it may be proper to conſider both 
the old and new methods ſeparately and particularly, ä 
and afterwards make the compariſon. 

In order to this, tis neceſſary to underſtand well, 
ſome few of the properties of air and fire, big. 

1. Air is rarified by heat, and condenſed by cold, 7: e. 
the ſame quantity of air takes up more ſpace when 
warm than when cold. This may be ſhown by ſeye- 
ral very eaſy experiments. Take any clear glaſs bot- 
tle, (a Florence flaſk ſtript of the ſtraw is beft) place i it 
before the fire, and as the air within is warmed and 
rarified, part of it will be driven out of the bottle; 
turn it up, place its mouth in a veſſel of water, and 
remove it from the fire; then, as the air within cools. 
and contracts, you will ſee the water riſe in the neck 
of the bottle, ſupplying the place of juſt ſo much air 
as was driven out. Hold a large hot coal near the fide 
of the bottle, and as the air within feels: the heat, it 
will again diſtend and force out the water. - Or, fill a 
1 8 not quite full of air, tie the neck tight, and lay it 


before 
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before a fire as near as may be without ſcorching the 
bladder; as the air within heats, you will perceive it 
to ſwell and fill the bladder, till it becomes tight, as if 
full blown: Remove it to a cool place, and you will 
ſee it fall gradually, till it becomes as lank as at firſt. 

2. Air rarified and diſtended by heat is * ſpecifically 
lighter than it was before, and will riſe in other air of 
greater denſity. As wood, oil, or any other matter 
ſpecifically lighter than water, if placed at the bottom 
of a veſſel. of water, will riſe till it comes to the top; 
ſo rarified air will riſe in common air, till it either 
comes to air of equal fight. or is by l reduced * 
its former denſity. 

A fire then being made in any cee the air 
over the fire is rarified by the heat, becomes lighter, 
and therefore immediately riſes in the funnel, and goes 
out; the ather air in the room (flowing towards the 
chimney) ſupplies its place, is rarified in its turn, and 
riſes likewiſe ;. the place of the air thus carried out of 
the room, is ſupplied by freſh air coming in through 
doors and windows, or, if they be ſhut, through every 
. crevice with violence, as may be ſeen by holding a 
candle. to a keychole: If the room be ſo tight as 
that all the crevices tagether will not ſupply ſo much 
air as is continually carried off, then, in a little time, 
the current up the funnel muſt flag, and the ſmoke 
being no longer driven up, muſt come into the room. 


| * Body or matter of a ; is. faidito be /atficall heavier or lighter 
than n Tos more PIO OT IMP ORR i he 


dimenſions, , 
+ #1 4977 n 180 Go bat 
T ; 1170 4 9 # 4 4 f yo "Fire 6 
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Fire (i. e. common fire): throws: out light, heat, 
and molke (or fume.) The two firſt move an right 
Lines, and with great ſwiftneſa, the latter is but juſt 
ſeparated from the fuel, and then moves andy as it is 
carried by the ſtream of rarified air: And without a 
continual, | acceſfion;: and reeeſſiem of alt to carry off 
the ſmoaky, fumes, they would ramain craudediabout | 
the fire, and: ſtifle it. Q3 tot 00] eonmformot gig v2! 

2, Heat may be ſeparated from the! findhe well as 
from the light, by means of a plate af irong which 
wall-ſaffes heat: tor paſa through it: without tlie chers 

, Fite ſends oft! its rays of hbat as well A rays of 
light, equally every ya; hut the greateſt; ſenſ hlt hoat 
is over the fire, lere there is, heſides the rays of heat 
thot upwarde, a continual riſing ſtroam ai hat Jig, 
heated. by the ahn thot, round on every. ſide 9:3 (3 


obldd ne 300b oft- 2647 cl,qqi:n2qo. u 9978 ol 3c 
[Theſe things being underſtood; we-probeed-; bh 
ſider: the fire-places; heretofdre in uc, 1/25) Slo 4 
. Thg large open fire. places: utſecb ino the f of 
O fathess, and, tb generally: inen 
Eite bene: bilo 2 n2dteb bug noo 86 124 
a Phe ere r ae 
and nao Dearths. 627} o1.1u * id 20125 1 

of iron, (deſcrided. by M. Gauger, in his tract. entitled 
Za Mechani que de-Ftu) for warming theraar: ad1vecomes - | 
into, the pam. moor. ο ο νjma 10 11203 19990 2107 
4+ The Hellend. lernte wü os doors:opeging into 
— „ eee anew wir vod! 05 If yd 
WM | 5--The- 
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5. The German rovesy' which have no opening i in 
he room where: they. are uſed, but the fire is yu in 
from ſome other room, or from without. 
6. Iron pots, with 00" he Rand pep in the 
middle of a room. 
1 Thesfirſt of theſe: inechods hes dana ll . con- 
venienby of two warm ſeats, one in each corner; but 
they are ſometimes too hot to abide in, and, at other 
times incommoded with the ſmoke; there is likewiſe 
good room for the cock to move, to hang on pots, 
c.. Their inconveniencies are, that they almoſt al- 
ways ſmoke; if the:ddor be not left open; that they 
requirt a large funnel; and a large funnel carries off a 
great quantity of air, Which occafions what is called 
à ſtrong draft to the chimney, without which ſtrong 
draft; the ſmoke would come out of ſome part or other 
of ſo large an opening, ſo that the door can ſeldom 
be dhut?; and the cold air ſo nips the backs and heels 
of thoſe that ſit before the fite/\ that they have no 
comfort till either ſereens or ſettles are provided (at a 
ecinſiderable expente)ito keep it off. which both eum- 
ber the room, and darken the fire-ſide. A moderate 
quantiſy of wood on che fire, in ſo large a Hearth, 
ſeems but little; and, in ſo ſtrong and cold a draught, 
warms:but fittlez ſo that people are continually laying 
on more. In ſhort; tis next to impoſſible to warm a 
room ith ſuch . a fire place: And I ſuppoſe our anceſ- 
tors never thought of warming rooms to ſit in; all 
they purpoſed was, to have a place to make a fre in, 
— which they might warm themſelves when cold. 


* bs 2. Moſt 
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2. Moſt of theſe! old- faſhioned chimneys in”. towins 
and cities, have been, of late years, reduced to the 
ſecond ſort. mentioned, by building jambs within them, 
narrowing the hearth, and making a low arch or 
breaſt, Tis ſtrange, methinks,. that though chimneys 
have been ſo long in uſe, their conſtruction ſhould” be 

ſo little underſtood till lately, that no workman pre- 
tended to make one hich ſhould always carry off all 
ſmoke, but a chimney-cloth was looked upon as effen- 
tial to a chimney. This improvement, however, by 
{mall openings and low breaſts, has been made in our 
days; and ſucceſs in the firſt experiments has brought 
it into general uſe in cities, ſo that almoſt all new 
chimneys are now made of that ſort, and much fewer 
bricks will make a ſtack of chimneys now than for- 
merly. An improvement ſo lately made, may give us 
room to believe, that ſtill farther improvements may 
be found to remedy the inconvenieucies yet remaining. 
For theſe new chimneys, though they keep' rooms ge- 
nerally free from ſmoke, and, the opening being con- 
tracted, will allow the door to be fhat; t the funne 
ſtill requiring a conſiderable quantity of air, it rathes 
in at every erevice ſo ſtrongly, as to bb a continual 
whiſtling or howling ; and it is very uncomfortable, as, 
well as dangerous, to ſit againſt any ſuch arevice. 
Many colds are caught from this eauſe only, it deing 
ſafer toſit in the open ſtreet, for then the pores do all 
cloſe together, and the air r 6 
n ee of the, e 3 
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The Shamiards have-a proverbial ſaying, 

M the wind blows an you through'a- bole, 
Mate | your will, amd take at, ro I 230105 
Wonien:particularly, from this cauſe; as they ſit much 
in ther houſe, get tolds, in the head, rheums and de- 
fluctions, which fall into their jaws and gums, and 
have deſtroyed early many a fine ſet of teeth in theſe 
northern calonies. Vreat and bright fires do alſo very 
much contribute to damage the eyes, dry and ſhrivel 
the ſkin, and bring on early the appearances of old 
In hort, many of the diſeaſes proceeding from 
colds/ -as fevers; pleuriſies, &c. fatal to very great 
numbers of people, may be aſcribed to ſtrong drawing 
chimneys : hereby, in ſevere weather, a man is 


ſcorched! Dafoe: while he 18 froze” behind 7. In whe 
4 ae cet ; LICE 
* As the writer is ork N nor cloſorther, er 
expect he ſhould juſtify theſe his Lin pinions or phil oe, the rx e at 
are ſo.': M Clare, F. R. Elin his treatiſs of de waton'of fluids rag pag: 
246, Kc. And here it may be. ener that it is more; prejudicial ta 
health to fit near a window or door, in ar oom whete there are many 
<« [candles and a fire, than in a room Achat; ſot the conſumption of 
« 5 air 4 59 occaſioned,” will always be very 'confiderabie,/ and this muſt 
e be replace by by, cold air from without, Down the chimney 
<« nen none, the ſtream of warm air, a 12555 atifing therein, — 
40 Zug * A — muſt n | 
theſe h to . #: 
ce 4 them Boe 225 iller the Boodgte, the ſmarter will be wy — 
+ Was mah, eve iti a feat, to leap into a-cold- bath, or jump from 
dis arm bel, in. ho incepſeſ cold, even ĩn a froſty provided he do not 
Ir c 3 over-long therein, and be in bealth'w when 155 e does this, we ſee 
« by- perience that be gets no harm: If he fits à little while ag ainſt a 
$1 window, into which -a-fucceflive zurrent of .cold _— No ore 
=* ate cloſed, and he gets a fevers, In. the firſt: caſe, ſhack the body 
„ endures is general; uniform, and therefore leſs n in the o 
* ſingle part, a neck, or ear perchance, 4s attacked, and that with ts 
greater violence probably, as it is done by a ſucceflive ſtream of cold air. 
And the cannon of a battety5 pointed againſt a ſingle part of a — 
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mean time, very little is done by theſe: to- 
wards warming the room; for the air round the fife- 
place, which is warmed by the direct rays from the 
fire, does not continue in the room, but is continunlly 
erouded and gathered into the chimney by the current 


of nn. ow —— art 
A LE, 122 2912 91 
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« „ All esber make a — — Ae een a upon tlie 
© whole face, and will admit the enemy much ſoaner into the town, 
That warm rooms, and keeping the body 1 in wintef; are means 
of preventing ſuch diſeaſes, take the opinion of chat learned Bulla. — 
whe 22 Parcio, in the 1 to his tract, d Mili e 


ng of {+ particul; ar wet and cor oe cold bye 2. K 


e —— 

arise 3 — 
ee A & quod - ſeliciti fant Itali amnes de aur ibar, tem- 
ri \ Tot tis dis ab injuriis airis ; 4 6 joe domarum 
nts * yr purer 22 
dere ab 222 ” a c cunt — 4 —— — ut 25 2 
Germani abundant lignu, domuſque by} 25 

N bio, bene mehercule loricati atqud muniti. In 

| 3 motus videndi — ow! nom 9%" 

Ftripneitmonid fiiſfent abſumti ;, dicebant 
pri piruritiae uit —— 9113 


great Dr. Boerhaave, whoſe arbor = f rents | 
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new-invented places, as will be ſhewn hereafter. 
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In both ' theſe! ſorts of fire: places, the greateſt part 
of the heat from the fire is loſt; for as fire naturally 
darts heat every Way, the back, the two gambs, and 
very. little being reflected from bodies ſo dark, porous, 
and unpoliſned; and the upright heat, which is by far 
the greateſt, flies directly up the chimney. Thus fove- 
ſixths at leaſt of the heat (and conſequently of the 
fewal) is waſted, and "contributes: nothing towards 
warmüng the” room. eint 7D 2341 2 
08 8. T6. remedy-.thus, "the. Ger Gauer gives; in is 
— entitled, La PMeobanique de Er, 
1709, Leven different confttuRions:of the chip dort bs 
entioned-above, inwhich there are | 
cavities" tinde' dy” kon plates in the Back, Jabs,” 41 
hearths, through-wrhich Plates the heat paſſing,” warms 
the Air "if choſe Eav iries, which is c My ching 
into «the, N warm. The 3 
very ingenig many” convenieneise: The | 
right "HON ol parts, by.the Git owing data 
it through the heated cavities : Cold air Was prevented 
2 through the crevices,” the Tine! being ma. 
= .by.- thoſe.) cavitics.e\ Mach. leſs Guel 
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4. The Holland won ove, whieh hay a flue proceed- 
ing from the top, and a ſmall iron door; opening into 
the room, comes next to be conſidered. Its conve- 
Niencies are, that it makes a room all over warm ; for 
the chimney being wholly cloſed; except the &ue of 
the ſtove, very little air is required to ſupply that, and 
therefore not much ruſhes. in at (crevices, or at the 
door hen it is opened. Little: fewel ſerves, the heat 
being almoſt all ſaved; for it rays out almaſt ęequally 
from the four. ſides, the bottam and the top, intq the 
790m; and preſently warms the air around it, which 
being #arified, riſes to the eieling. and its place is ſup- 
plied by the lomer air af the rom. which flaws: gra- 
duslly towards the ſtove, and is there armed. and 
riſes in its turn, ſo Abat there is 4 chninν,ꝰöcingula - 
0 all the ait in the rom ie warmed! The fir, 
10 gradpally:changed,: by the fioye-doet's: — in 

bra, th tþrovgh; which patt af it is continually 
paſſingi and that makes theſe ſigres wholeſomer, or 
a Jeat plkaſanter chan the Gown foves, next fo be 
of. But. they have thela inconveniences, There 
is u light of the fire, which is in itſelf a Meaſant 
thing. One cannot conveniently make anyf ether uin 
of tha ii ra but that of V the rom. When the 
rom is warm, peaple nat ſceing the fire; art apt 40 
forget dupplying at with fuel till it is almoſt out. then, 
Sainz cold, 4 gidat deat: of 'waed is put in, Which 
lone makes it 400 het. The change of air is nat gar- 
ried an gultt quick: enough; & that if any ſmoelte r 
a} mall Happens 30 the zoom, it is a lang — 


It 
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iris diſcharged.” For theſe reaſons the Holland ſtove 
Bas not obtained much among the Exgliſß (who love 
the ſight of the fire) unleſs in ſome workſhops, where 
people are obliged to ſit near windows for the light, 
and int ſuch places they have been found of good uſe. 
5. The German ſtove is like a box; one fide. wanting. 
Iti is compoſed of five iron plates ſcrued together, and 
fixed d that you may put the fuel into it from an- 
other room; or from che outfide of the houſe: It is à 
kind ef oven reverſed its mouth being without, and 
body within the room that is to be warmed by it. 
This invention certainly warms a room very ſpeedily 
and thoroughly with little: fuel: No quantity of cold 
air comes in at any crevice, becanſe there is no diſ- 


charge of air which it might: ſapply, there being no 
paſſage into the ſtove Sa: the room. Theſe: art its 

converſiericies. — Its "incenveniencies/are,. That people 
have not even fo much ſight or uſetof the fire as in 
the Holland ſtoves, and are, moreover, obliged to breathe 
the ſame unchanged air continually, mixed with the 
breath and perſpiration from one another's bodies, 
which is ef N have not been 
accuſtomed to it. $5 ο gun: 
6. Charcoal desen pots, are uſed chiefly dincittds 
tops of derade They warm a room (thut 
kept cloſe, and has no chimney” to carry off che 
vids; air) very ſpeedily” and —— but there 
being no draught to change the air, the fulphurous- 
fames' from the coals [be they ever o well kindled be- 
2 brought in, 89611 
it, 
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I, render it diſagreeable, hurtful to ſome conſtitu- 
tions, and ſometimes, when the door is er kept 
Mut, produce fatal conſequences. 

To avoid the ſeveral inconveniencies, and at the 
ſame time retain all the advantages of other fire- places, 
was contrived the PEN SYLVANIA nr now to 
Is deſcribed. tun 

This Machines conſiſts of 14 T 

A bettam-plate, (i) [See the Plate annexed] 

A back plate, (11) 

. Two fide plates, (iii iii) 

Two middle plates, (iv iv) which Joined together, 
form a tight box, with rer N in ir for 
warming the air. ; 

A front plate, (v) 

A top plate, (vi) | 
Theſe are all caſt of iron, with i "57448 
where the plates come together, to hold them faſt, and 
retain the mortar uſed for pointing to make tight 
joints. When the plates are all in their places, a pair 
of {lender rods with ſcrews, are ſufficient to bind the 
whole very firmly together, as it appears in Fig. 2. 

There are, moreover, two thin plates of wrought 
iron; vis. the ſhutter, (vii) and the regiſfer, (viii); 
' beſides the ſcrew-rods O N. as which we _ — 

In their order. 22: 
(i) The bottom 150 or n is 1 hes 
, Sorel with a riſing moulding that ſerves. as a. fender to 
keep coals and" aſhes from coming to the floar, &c, 


* Ae ears, FG, perforated to receive the m_ 
I 
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rods OP; a long air-hole, 4 a, through which the 
freſh outward air paſſes up into the air-box j and three 
ſmoke-holes B C — which the ſmoke deſcends 
and paſſes away ; all repreſented by dark ſquares, | It 
has alſo. double ledges to receive between them the 
bottom edges of the back plate, the two fide-plates, 
and the two middle-plates. Theſe ledges are about an 
inch aſunder, and about half an inch high; a profile 
of two of them joined to a Wet fle, ar- ap- 
pears in Fig. 3 

(ii) The back plate is without bales, having only 
a pair of —— de are A ne 
of the Wo 44160 | 


to receive the kde-edges of the — — and a 
little ſnoulder for it to reſt on; alſo two pair of ledges 
to receive the ſide· edges of the two middle plates which 
form the air-box ; and an oblong air-hole near the 
top, through which is diſcharged into the room the 
air warmed in the air-box. Each has alſo a wing or 
bracket, H and I, to keep in falling brands, coals, 
Ge. and a ſmall hole, Quand. R, for the axis of the 
to turn in. | 
(iv iv) The air- box is com compoſed of the two. middle 
plates DE und FG. The firſt has five thin ledges or 
partitions caſt on it, two inches deep, the edges, of 
which are — in fo many pair of ledges caſt in 
the other. The tops. of all the cavities formed by 
theſe thin deep ledges, are alſo covered by a ledge of 


— caſt with them , ſo that 
when 
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when the plates are put together, and the joints luted, 
there is no communication between the air-box and 
the ſmoke. In the winding paſſages of this box, 
freſh air is warmed as it paſſes into the room. 

(v) The front plate is arched on the under fide, 
and ornamented with foliages, &c. it has no ledges. 

(vi) The top plate has a pair of cars, MN, an- 
fwerable to thoſe in the bottom plate, and perforated 
for the ſame purpoſe: It has alſo a pair of ledges run- 
ning round the under fide, to receive the top edges of 
the front, back, and fide-plates. The air-box does 
not reach up to the top plate by two inches and half. 

(vi) The fhutter is of thin wrought iron and light, 
of ſuch a length and breadth as to cloſe well the open- 
ing of the fire-placc. It is uſed to blow up the fire, 
and to ſhut up and ſecure it a nights. It has two 
braſs knobs: for handles, 4d, and commonly ſlides up 
and down in a groove, left, in putting up the fire- 
place, between the foretmeld. 2 — 
and the face of the front plate; but fome chuſe to ſet 
it aſide when it is not in uſe, and apply it on otraſion. 

(viii) The regiſter is alſo of thin wrought iron. It 
is placed between the back plate and air-box, and can, 
by means of the key 8, be turned on its axis, fo as 
to lie in any poſition between level and upright. 

The ſcrew-rods OP are of wrought iron, about a 
third of an inch thick, with a button at bottom, and 
a ſerew and nut at top, and may be ornamented with 
two ſmall braſſes ſcrewed on above the nuts, 

1. * this machine to work, 
Rr 1. A 
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1. A falſe back of four inch (or, in ſhallow ſmall 
chimnies, two inch) brick work is to be made in the 
chimney, four inches or more from the true back: 
From the top of this falſe back a cloſing is to be made 
over to the breaſt of the chimney, that no air may 
paſs into the chimney, but what goes under the mils 
back, and up behind it. | 

2. Some bricks of the hearth are to be taken up, 
to form a hollow under the bottom plate; acroſs 
which hollow runs a thin tight partition, to keep apart 
the air entering the hollow and the ſmoke; and is 
therefore. placed between the air-hole and ſmoke-holes. 
3. A paſſage is made, communicating with the out- 
ward air, to introduce that air into the fore part of 
the hollow under the bottom plate, whence it may riſe 
through the air-hole into the air-box. 

4- A paſlage is made from the back part of the bak | 
low, communicating with the flue behind the falſe 
back: Through this paſſage the ſmoke is to pals. 

The fire- place is to be erected upon theſe hollows, 
by putting all the plates in their places, and ſcrewing 
them together. 

Its operation may be conceived by obſerving the 
following: 25 | 


Porn 


On Philofophical Subjects. 307 


'ProPILE of the Ca,, and Fine-PLACk. 20 


M The mod fue or bref of th imo 

C The funnel, 

r True back of the cio 

1 Top of the fire-place, 

The front of it, | 

The pines where tho fro ts made, 

D The alr-box, 

X The hole in the Ode-plate, through which 
(the weed or ls diſcharged ret the 

air-box into the room, | 

H The hollow filled d with fold ale, entering at 

che paſſige I and 12215 15 e- 
den through the alr-hole ie the deen 
plate near . 


o The in-the hollow-to koch the air 
ſmoke apart. 


P eee 


The arrows ber c. cours of d. . 


0 ” 
; 10 C5, 


: ee made at A. the * * 2 will 
aſcend - and. ſtrike the top T, which will thereby re- 
ceive a conſiderable heat. The ſmoke, finding no paſ- 
ſage upwards, turns over the top of the air-box; and 
deſcends between it and the back plate to the; holes 
in the bottom plate, heating, as it paſſes, both 
plates of the air-box, and the ſaid back plate; the 
front plate, bottom and ſide plates, are alſo all heated 
at the ſame time. The ſmoke proceeds in the paſſage 
that leads it under and behind the falſe back, and ſo 
riſes: into the chimney. The air of mann | 


Junges Rr 2 
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behind the back plate, and by the ſides, front, and 
top plates, becoming ſpecifically lighter than the other 
air in the room, is obliged to riſe; but the "cloſure 
over the fire-place hindering it from going up the 
chimngy, it is forted out into the room, riſes by the 
mantle- piece to the cieling, and ſpreads all over the 
top bf the room, whence being crouded down gra- 
| dually by the ſtream of newly-warmed air that follows 
and niſes above it, the whole room becomes 1 in a ſhort 
time equally, warmed. | 
At the ſame Time the air, — under the bot- 
tom plate, and in the air-box, riſes and comes out of 
the holes in the ſide- plates, very ſwiftly. if the door 
of the room be mut, and Joins its current Math the 
ſtream bone riſing fram the. hide, back, 
and top plates. 
The air that enters the room through this Mt Ber Is 
freſh, though warm ; and, computing the. ſwiftneſs 
of its motion with the areas of the holes, it is found 
that near ten barrels: of freſh air are hourh>intro- 
duced-by the nir-bon; and by this means the air in 
the room is continually changed, and kept, at the 
ſame time, ſweet and Warm. 287%  AVLEWGL C A1. 
At is to be obſerved;' that the entering air will not | 
be warm at firſt er * but beats gradually 
as' the fte enercaſbs. ; ,X0C-1$ oi 10 evjelq 
A ſquare opening lor a trkpdece ſhould" be left in 
theiclofing of the chimney, for tlie IR 
The door may be made of flate or tin, and commonly 
Es os 0 e that turning up 
29 | againſt 
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agamfſt the back of the chimney when open, it cloſes 

the vacancy behind the falſe back, and ſhoots the foot, 
chat falls in fweeping, out upon the hearth.” This 
trap: door i is a very convenient thing. 

in rooms where much fmoking of tobacco is uſed, 
it is alſo convenient to have à ſmall hole about five or 
nx inches {quare, cut ntar the cieling through into the 
funnel: This hole muſt have à ſhutter, hy which it 

may be cloſed on opened at ꝑldaſure. When open, 
there. will be a ſtrong draught of: air thruugh at im 

the chimney, which will preſeatly:carrpoffranibud of. | 
moke, and keep the room clear; If the run be too 5 ' 
hot” ſikewiſe, it will carryftbff u much of the wurm | 
Alx as von pleaſe, and then vu may ſtöp it ensirelr. 
| fit. By this nitans it bs, that 220 

the tobacco ſmoke does non deſoend among the heads 
of the company ner the fre, at t muſt db before it 
can get 1 ee e 15 


e eee pe 8 We 44 
8 Mott pisce, Gt for the Rrg- lass, gt gf, d 
E —_— 
2 An, or any wogds that Burn With a clear ;- 
ane are facher to be choſen, becauſesfaphi are le; bh 
"© foul the ſmoke-yallages. With ſoot; Mid flame 3 
— ith its lighty'as-well n. 5 = 2 
Rs road 6 Aal Ha Le OT 3 
od, e the morn- 
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the hearth-plate, not to be incommoded by the ſmoke, 
the ſooner and more will the room be warmed. . At 
night, when you go to bed, cover: the coals or brands 
with aſhes as ufudl; then take away the dogs, and 
Mide: down the ſhutter cloſe to. the bottom- plate, 
ſmweeping a little aſhes againſt it, that no air may paſs 

under it ;.then turn the regiſter, ſo as very near to ſtop - 

the flue behind. If no ſmoke then comes out at cre- 
vices inta the room, it is right: If any ſmoke is per- 
ceived to come out, move the regiſter, ſo as to give 


a little draught, and it will go:the right way. Thus 
the room will be kept warm all night; for ihe chim- 


ney being almoſt entirely ſtopt, very little cold air, if 
any, will enter the room at any crevice. When you 
come to fe-kindle the fire in the morning, turn open 
the regiſter before you lift up the ſlider, otherwiſe, if 
there be any ſmoke in the fire- place, it will come out 
into the room. By the ſame uſe of the ſhutter and 
regiſter, a blazing fire may be preſently ſtifled, as well 
as ſecured, when you have occaſion to leave it for any 
time; and at your return you will find the brands 
warm, and ready for a ſpeedy. rekindling. The ſhutter 
alone will not ſtifle a fire, for it cannot well be made 
0 fit ſo exa 0 bo t that air will enter, and that in a 
violent ſtream, 105 as to blow up and keep alive the 
flames, and conſume the wood, if the draught. be not 
checked by turning the regiſter to ſhut the flue. behind. 
The regiſter has alſo two other uſes. If you obſerye : 
the draught of air into your fire: place to be ſtronger - 
than is neceſſary, ak in extrems cold weather it often 
1s) 


_ — 
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is) ſo that the wood is conſumed faſter than uſual; in 
that caſe, a quarter, half, or two-thirds turn of the 
_ regiſter, will check the violence of the draught, and 
let your fire burn with the moderation y ou deſire: 
And at the ſame time both the fire-place and the room 
will be the warmer, becauſe leſs cold air will enter and- 
paſs through them.---And if the chimney ſhould happen 
to take fire, (which indeed there is very little danger 
of, if the preceding direction be obſerved in making 
fires, and it be well ſwept once a year; for, much leſs 
wood being burnt, leſs ſoot is proportionably made; 
and the fuel being ſoon blown into flame by the ſhut- 
ter (or the trap-· door bellows) there is conſequently leſs 
ſmoke from the fuel to make ſoot; then, though the 
funnel ſhould be foul, yet the ſparks have ſuch a 
crooked up and down round about way to go, that 
they are out before they get at it. I ſay, if ever it 
ſhould be on fire, a turn of the regiſter ſhuts all cloſe, 
and prevents any air going into the chimney, and ſo 
. g d b n n Scam gi | 


The Advantages of this 8 


| Its 8 above the common fire- places are, 
I. That your whole room is equally warmed, fo 
that people need not croud fo cloſe round the fire, but 
may ſit near the window, and have the benefit of the 
_ light for reading, writing, needle-work, &c. They 
may fit with comfort in any part of the room, which 


is a very de advantage in a large m, where 
there 
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there muſt often be two fires. kept. 8 * 
conventently come at one | 

2 If you ſit near the fire, you. * wot 40 col 
draught, of uncomfortable air nipping your back and 
heels, as when before commom fixes, by which many 
cateh- cold, zd euch before and, _ 150 n 
froze behind. ſ 1.915813 as 

g. I&::you' oY again a: ereviee, : — is nah that 
of cold air playing on you; as in ooins 
where there are fires in the common way; by which 
many. catch cold, whence proceed coughs *, catarrhs; 
toeth-achs, fevets;:pleurifies; and many other diſeaſes. 

4. In caſe of ſiekneſs they make moſt excellent nur- 
ſing rooms; as they; conſtantly: ſupply a ſufficiency of 
freſh air, ſo warmed at the ſanie time as te be io may 
inconvenient of dangerous. A ſmall: one does well in 
a chamber; and; the chimneys being fitted for it, it 
may be removed from one room to another, as occaſion 
requires, and fixed in half an hour. The equal tem- 
per too, and warinth of the air of the room; is thouglit 
to be particularly advantageous in ſome:diftempers ; 
for it was obſerveil in the winters-of 17 30 andc 1736, 
when) the ſmall-pox ſpread in Peihlvamũ, that Tory 
few: children of the Germans died of that diſtemper in 
prpportion to thoſe ef the BAN which was aſcribed, 

* My Lord Malzſworth, in his account of Denmark, Ce. “ That few 


c of- nu of the people there are troubled, coughs con- 
44 ſatriþtions, or ſuch 5 L gilde of the nus; © that. She pon of win 
<< deri in the chufches, which are very much fi Aunt, tho noiſe 


« to interrupt the attention due to the preacher. I am perſuaded (ays 
„ he) their neee hell fteddom from thele kind of 
. Peg eee. 
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by ſome, to the watmth and equal temper of air in 
their ſtove- rooms, which made the diſeaſe as favour- 
able as it commonly is in the e lunes. But this 
ener we ſubmit to the judgment of phyſieians. 
5. In common chimneys; the ſtrongeſt heat from the 
fire, which 1s upwards, goes directly up 'the chimney, 
and is loſt; and there is ſuch a ſtrong draught into 
the chimney,” that not only the upright heat, but 
alſo the back, ſides, and downward heats are earried 
up the chimney by that draught: of air; and the 
warmth: given” before the fire by the rays that ſtrike = 
out towards the room, is continually driven back, 
erouded into the chimney, and carried up by thè ſame 
draught of air. But here the upriglit heat ſtrikes arid 
heats the top plate, which warms the air above it, and 
that comes into the room. The heat likewiſe, which 
the fire communicates to the ſides, back, bottom, and 
air- box; is all brought into the rom; for you wall 
find a conſtant current of warm air coming out of the 
chimney corner into the room. Hold: a candle juſt 
under the \mantle-picce; or: breaſt of your chimney, 
and you will fee the flame bent outwards: By laying 
a piece of ſmoaking paper on on the hearth, on either 
ſide, you may ſee hom the current of air moves and 
where it NY _ at will ume the ſmoke 
with it. No unc: ti ai FN 
6. Thus as very Üttle of "the hae” is Joſt,” when. 
this re- place 18 uſed, :much 22 wood * * will. ſerve you, 


oi er 

People who have uſed-theſs fire-places, differ. nach 4 their accbunts 
of the wood ſaved by them. Some fay five-ſixths, others three-fourths, 
and others much Jef. ES in ata difference there _ 
eir 
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which is a conſiderable advantage where wood is 
dear.” 397 A 1 7 

7. When you burn candles near this tre- plate, you 
will find that the flame burns quite upright, and does 
not blare and run the "tallow down, by drawing to- 
wards the chimney, as againſt common fires.” 

' 8 This fire-place eures moſt ſmoaky chimneys, and 
thereby preſerves both the eyes and furniture. 

9. It prevents the fouling of chimneys ; much of 
the lint and duſt that contributes to foul a chimney 
being, by the low arch, obliged to paſs through the 
flame, where it is confumed.” Then, leſs wood being 
burnt, there is leſs ſmoke made. Again, the ſhutter, 
or trap-bellows, ſoon blowing the wood into a flame, 
the ſame wood does not yield ſo much ſmoke' as if 
burnt in a common chimney: For as ſoon as flame 
begins, ſmoke in proportion ceaſes. _ 

10. And if a chimney ſhould be N it is much 
leſs likely to take N If it ſhould take fire, it is 
eafily ſtifled and extinguiſhed. 

11. A fire may be very ſpeedily made in this fire- 
place, by the * of the ſhutter, or Es 
aforeſ: aid. 


Weir former W ſome (according to the different tl) of thei 
rr has en having been uſed to make very large, others. middling, 
and others, o re ſparing temper, very ſmall ones: e in theſe fire- 
— e — N draught being nearly the fame) the conſumption is 
- I ſuppoſe, taking 3 number vf;fariljes together, that two- 

min or half the wood, at leaſt, is ſavec, My common "room, 1 know, 

$ made twice as warm a 1 uſed 0 be, dry a Aue wood 1 for- 
r . A nr ri. 


7225 


812 12 A 


* 


316 LerrERSG and Papers © 


12. A fire may be ſoon extinguiſhed, by cloſing. it 
with the ſhutter before, and turning the regiſter -be-, 
hind, which will ſtifle 1t, eee wall mein 

Py The room ling once warm, the aaa x 
be retained im it all night. a 26 Tyonmidt od hlev 
14. And laſtly the fire is ſo ſecured at nizhs, hat 
not one een aut, e room e de d. 
| was. x 
Wich all theſe. conyeniencies,.. — 8 90 not loſe the 
pleaſing fight. nor . uſe. of the fre, as in the Dutch, 
ſtoves, but may boit;the | tea-kettle,-: warm the flat 
irons, heat heaters, keep warm a diſh * ae tO 
| ea xr emi . Fes; IM GE real Zoff wo. 
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There are ſome objections commonly mad iy V peo⸗ 
le that are unacquainted with theſe fire-p ta es, | which 
it may not be amiſs to endeavour to ene Ae nd 
ariſe from prejudices. which might otherwiſe o 
in ſome degree, the eneral lg of this benieficial ma- 
chine. We frequently hear it ſaid, They ate of cle hue 
ture of Dutch floves ; floves have an des ins 5 J Nover 
are uninbulgſeme; and, warm r00ms make proplortenders and 
oft to catch cold. Ag to the firſt, that they ure of che 
nature of Huch ſtoves, the deſcription. of thoſe Raves, 
m the beginning of this: paper, compared with that 
of theſe machines, ſhaws $ That there is a"moſt matetial 
difference, and that theſs have 7 ; 
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if it were only in the fingle article of the admiſſion 
and circulation of the freſh air. But it muſt be al- 
lowed there may have been ſome cauſe to eomplain 
of the offenſive ſmell of iron ſtoves. This fmell; how- 
ever, never proceeded from the iron itſelf; which, in 
its nature, whether hot or cold, is one of the ſweeteſt 
of metals, but from the general uncleanly manner of 
uſing thoſe: ſtoves. If they are kept clean, they are 
as ſweet as an ironing-box, Which, though ever ſo 
hot, never offends the ſmell of the niceſt Lady: But 
it is common to let them be greafed, by ſetting candle- 
ſtieks on them, or otherwiſe; to rub greaſy hands on 
them; and, above all, to ſpit upon them, to'try: how 
bot they are, which is an inconſiderate filthy unman- 
nerly cuſfom; for the ſlimy matter of ſpittle drying 
on, burns and fumes when the ſtove is hot; as well 
as the greaſe, and ſmells: moſt! nauſcouſly, which makes 
ſuch cloſe ſtove- roonis; where there is no draught to 
carry off thoſe filthy vapours, almoſt intolerable to 
thoſe that are not from their infancy: .accuſtomed!'ts 
them. At the ſame time nothing is more eaſy than to 
keep them clean; for when by any accident they hap- 
pen. to be fnuled, a lee made of aſhes and water, with 
a bruſh ill. ſcour them perfectly; ieee 
ſtrong foft foap and water. 208 N 231901 toni! 1 
That hot iron of itſelf gives no offenſive Cinell; 
thoſe know very well who have (as: che writer of this 
has) been preſent at a, furnace When the workmen 
were pouring" out the flowing metal to caſt large 
Plates, \and not the leaft ſmell of it to be perceived. 
18191192 That: 
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That hot iron: does not, like lead, braſs, and ſome 
other metals, give out unwholeſome vapours, is plain 
from the general health and ſtrength of thoſe who 
conſtantly work in iron, as furnace - men, forge- men, 
and ſmiths; that it 1s in its nature a metal perfectly 
wholeſome to the body of man, is known from the 
beneficial uſe; of chalybeate or iron-mine- waters 3 
from the good done by taking ſteel filings in ſeveral 
diſorders; and that even the ſmithy water in which 
hot irons are quenched, is found advantageous to the 
human conſtitution— The ingenious and learned Dr. 
Deſaguliers, to whoſe inſtructive writings the contriver 
of this machine acknowledges himſelf much indebted, 
relates an experiment he made, to try whether heated 
iren would yield unwholeſorne vapours: He took a 
cube of iron,-and having given it a very great heat, 
he fixed it ſo to a receiver exhauſted by the air-pump, 
that all the air ruſhing in to fill the receiver, ſhould 
firſt paſs through a hole in the hot iron. He then put 
a ſmall bird into the receiver, who breathed that air 
without any inconvenience, or ſuffering the leaſt diſ- 
order. But the ſame experiment being made with a 
cube of hot braſs, a bird put into that air died in a 
few minutes. Braſs, indeed; ſtinks even when cold, 
and much more when hot; lead, too, when hot, yields 
a very unwholeſome ſteam; but iron is always ſweet, 
and every way taken is wholeſome and — ta 'the 
human body except in weapons 


That warmed rooms: male people tender, and apt tv 8 
| de miſtake 4s gent ab it is (among the Eugiiſb) 


general. 
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generals: We have ſeen in the preceding pages how 
the common rooms are apt to give colds; but the 
writer of this paper may affirm from his on expe- 
rience, and that of his family and friends who have 
uſed warm rooms for theſe four winters paſt, that by 
the uſe of ſuch rooms, people are rendered eff liable 
to. take cold, and, indeed, actually hardened, If ſitting 
warm in a room made one ſubject to take cold on go- 
ing out, lying warm in bed ſhould, by a parity: of 
reafon; produce the fame effect when we riſe.” Vet ne 
find we ran leap out of the warmeſt bed naked; in 
the coldeſt morning; without any ſuch danger; ar d- 
in the ſume manner out of warm cloaths into a cold 
bed. The reaſon is, that in theſe caſes the pores all 
cloſe: at once, the cold is ſnhut out, and the heat within 
augmented, as we ſoon after feel by the glowing of 
the fleſh and ſxin. Thus no one was ever known to 
catch cold by the uſe of the cold bathe And are not 
cold baths allowed to harden the bodies of thoſe that 
uſe them? Are they not therefore frequently pre- 
ſcribed to the tendereſt conſtitutions? Now every 
time you go ont of a warm room: into' the cold Freez-. 
ing air, you. do as it were plunge into a cold bath, 
and the effect is in proportion the fame; for (though 
perhaps you may feel ſomewhat. chilly. at frlt); you. 
find in a little time your bodies hardened and th-' 
ened, your blood is driven round with a, briſker cit-. 
culation, and a comfortable ſteady uniform in ward 
warmth ſucceeds that equal outward warmth you firſt 
received i in the room. Farther to confirm this aſſer- 
f tion, 
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tion, we inſtance the Swedes,. the Danes, and the 
Ryffans e Theſe nations are ſaid to live in rooms, com- 
pared to ours, as hot as ovens *; yet where are the 
hardy ſoldiers, though bred in their boaſted cool 
houſes that can, like theſe people, bear the fatigues 
of à winter campaign in ſo ſevere a climate, march 
whole days to the ve in ſnow; and at- night mch 
in ice, as they do? 1 3110 Ji S 11 f 
The mentioning 55 thoſe Northern nations, „Put 
me in mind of a conſiderable public advantage that may 
ariſe from the general uſe of theſe fireplaces It is 
obſeryable, that though thoſe countries have been well 
inhabited for many ages, wood is {till theittſueh and 
yet at no vety great price; which could not have been, 
if they had not univerſally uſed ſtoves, but conſumed 
it as we. do, in great quantities, by open fires. By 
the help. of this ſaving invention our wood: may grow! 
as faſt as we conſume it, and our poſterity! may warm 
thataſelyes at a ee rate, without ben vbliged 
<9. - 10 | 01 Y D 21A men? | 


Mr. Bok: in 3 abſetrations Won cold," Shaw's: 
rid gement, Vol, I. P. 684, ſays,.** It is remarkable, that while the cold 
4 has ſtrange and tragical cHects at Moſcow, ahd elfewhere, the Raffidns 
Zadie ſhould be exempt from them, who accuſtotm themſelves 

40 immediately from a. great degree of beat, to as great an one of 

, Without receiving any viſible prejudice thereby. I remember being 

40 401 by a on of _ uriqueſtionable Kl that ĩt was a comtnon practice 
* res „to go from a hot e e N che ſume was' alſo: 
4e affirmed to me by another who reſided at eee is like 
rn by Ohr il. a 7 Bo 1zhig thing,” fl 

pomp can 2 heat” 3 — 
N out.:0 au flark: naked,, 
nw fel ins cl, 2 Gar adm ings: 
TNNOY ( 1116 2 TI VID 
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to fetch their fuel over the Atlantick ; as, if pit-coal 
ſhould not be here diſcovered, (which is an uncer- 
tainty) they muſt neceſſarily do. 

We leave it to the political arithmetician to compute 
how much money will be ſaved to a country, by its 
ſpending two-thirds leſs of fuel ; how much labour 
ſaved in cutting and carriage of it; how much more 
land may be cleared by cultivation ; how great the 
profit by the additional quantity of work done, in 
thoſe trades particularly that do not exerciſe the body 
ſo much, but that the workfolks are obliged to run 
frequently to the fire to warm themſelves: And to 
phyſicians to ſay, how much healthier thick-built 
towns and cities will be, now half ſuffocated with 
ſulphury ſmoke, when ſo much leſs of that ſmoke 
ſhall be made, and the air breathed by the inhabitants 
be conſequently ſo much purer. Theſe things it will 
ſuffice juſt to have mentioned ; let us proceed to give 
ſome neceſſary directions to the workman who is to 


fix or ſet up theſe fire-places, 


DIRECTIONS fo the BRICKLAYER. 


The chimney being firſt well ſwept and cleanſed from 
ſoot, Cc. lay the bottom plate down on the hearth, 
in the place where the fire-place is to ſtand, which 
may be as forward as the hearth will allow. Chalk a 
line from one of its back corners round the plate to 
the other corner, that you may afterwards know its 
place when you come to fix it; and from thoſe cor- 


ners, two parallel lines to the back of the chimney+ 
| T t Make 
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Make marks alſo on each fide, that you may know 
where the partition 1s to ſtand, which is to prevent 
any communication between the air and ſmoke. Then 
removing the plate, make a hollow under it and be- 
yond it, by taking up as many of the bricks or tiles 
as you can, within your chalked lines, quite to the 
chimney-back. Dig out fix or eight inches deep of 
the earth or rubbiſh, all the breadth and length of 
your hollow; then make a paſſage of four inches 
ſquare (if the place will allow ſo much) leading from 
the hollow to ſome place communicating with the 
outer air; by auter air we mean air without the room 
you intend to warm. This paſſage may be made to 
enter your hollow on. either ſide, or in the fore part, 
juſt as you find moſt convenient, the circumſtances of 
your chimney conſidered. . If the fire- place is to be 
put up in a chamber, you may have this communica- 
tion of outer air from the ſtair-caſe; or ſometimes 
more eaſily from between the chamber floor, and the 
cieling of the lower room, making only a ſmall hole 
in the wall of the houſe entering the ſpace betwixt 
thoſe two joiſts with which your air-paſſage in the 
hearth communicates. If this air- paſſage be ſo ſituated 
as that mice may enter it, and neſtle in the hollow, a 
little grate of wire will keep them out. This — — 
being made, and, if it runs under any part of the 
earth, tiled over ſecurely, you may proceed to. raiſe 
Jour falſe back. This may be of four inches or two 
inches thickneſs, as you have room, but let it ſtand at 
deaſt four inches from the true chimney-back. In 
12 narrow 


- 
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narrow chimnies this falſe back runs ſrom jamb to 
jamb, but in large old faſhioned chimnies, you need 
not make it wider than the back of the fire-place. To 
begin it, you may form an arch nearly flat, of three 
bricks end to end, over the hollow, to leave a paſſage 
the breadth of the iron fire-place, and five or fix 
inches deep, rounding at bottom, for the ſmoke to 
turn and pafs under the falſe back, and fo behind it 
up the chimney. The falſe back is to riſe till it is as 
high as the breaſt of the chimney, and then to cloſe 
over to the breaſt *; always obſerving, if there is a 
wooden mantle-tree, to cloſe above it. If there is no 
wood in the breaſt, you may arch over and cloſe even 
with the lower part of the breaſt. By this cloſing the 
chimney is made tight, that no air or ſmoke can paſs 
up it, without going under the falſe back. Then 
from ſide to ſide of your hollow, againſt the marks 
you made with chalk, raiſe a tight partition, brick- 
on- edge, to ſeparate the air from the ſmoke, bevelling 
away to half an inch the brick that comes juſt under 
the air-hole, that the air may have a free paſſage up 
into the air-box : Laſtly, cloſe the hearth over that 
part of the hollow that is between the falſe back and 
the place of the bottora plate, coming about half an 
inch under the plate, which piece of hollow hearth 
may be ſupported by a bit or two of old iron hoop; 
then is your chimney fitted to receive the fire- place. 


* See pag. 302, where the trap-door is deſcribed that ought to be in this 
SES To 
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To ſet it, lay firſt a little bed of mortar all round 
the edges of the hollow, and over the top of the par- 
tition: Then lay down your bottom plate in its place 
(with the rods in it) and tread it till it lies firm. Then 
put a little. fine mortar (made of loam and lime with 
a little hair) into its joints, and ſet in your back plate, 
leaning it for the preſent againſt the falſe back: Then 
ſet in your air-box, with a little mortar in its joints: 
Then put in the two ſides, cloſing them up againſt the 
air-box with mortar in their grooves, and fixing at 
the ſame time your regiſter: Then bring up your back 
to its place, with mortar in its grooves, and that will 
bind the ſides together. Then put in your front plate, 
placing it as far back in the groove as you can, to 
leave room for the ſliding plate: Then lay on your 
top plate, with mortar in its grooves alſo, ſcrewing 
the whole firmly together by means of the rods. The 
capital letters A B DE, Sc. in the annexed cut, ſhew 
the correſponding parts of the ſeveral plates. Laſtly, 
the joints being pointed all round on the outiide, the 
fire-place i is fit for uſe,; 

When, you make your firſt 1 in it, 1 the | 
chimney be thoroughly cold, it may not draw, the 
work too being all cold and damp. In ſuch caſe, put 
firſt a, few, ſhovels. of hat coals in the fire-place, then 
lift up the ;chimney-{weeper's trap-door, and putting 
in a ſheet, or two of flaming paper, ſhut it again, 
which will ſet the chimney a drawing immediately, 
and when once it is filled with a column of warm air, 
it, will draw ſtrongly and £4 0a | a 

| ; The 
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The drying of the mortar and work by the firſt fire, 
may ſmell unpleaſantly, but that will ſoon be over. 

In ſome ſhallow chimneys, to make more room for 
the falſe back and its flue, four inches or more of the 
chimney back may be picked away. 

Let the room be made as tight as conveniently it 
may be, ſo will the outer air that muſt come in to 
ſupply the room and draught of the fire, be all ob- 
liged to enter through the paſſage under the bottom 
plate, and up through the air-box, by which means 
it will not come cold to your backs, but be warmed as 
it comes in, and mixed with the warm air round the 
fire-place, before it ſpreads in the room. 

But as a great quantity of cold air, in extreme cold 
weather eſpecially, will preſently enter a room if the 
door be careleſsly left open, it is good to have ſome 
contrivance to ſhut it, either by means of {crew hinges, 
a ſpring, or a pulley,” 

When the pointing in the joints is all dry aid hard, 
get ſome powder of black lead, (broken bits of black 
lead crucibles from the filver-ſmiths, pounded fine, 
will do) and mixing it with a little rum and water, lay 
it on, when the plates are warm, with a hard bruſh, 
over the top and front- plates, part of the ſide and 
bottom- plates, and over all the pointing; and, as it 

dries, rub it to a gloſs with the ſame brufh, ſo the 
| joints will not de diſcerned, but it will look all of a 
piece, and ſhine like new iron. And the falſe back 
being plaiſtered and white-waſhed, and the hearth 
rr the ROD will make a pretty appearance. 
| Before 
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Before the black lead is laid on, it would not be amiſs 
to waſh the plates with ſtrong lee and a bruſh, or ſoap 
and water, to cleanſe them from any ſpots of greaſe 
or filth that may be on them. If any greaſe ſhould 
afterwards come on mem, a little wet' aſhes will get it 
If it be well ſet up, and in a tolerable good chim- 
ney, ſmoke will draw in from as far as the fore part 
of the bottom TR as pe may: uy by a bir or burn- 
ing paper. | 

People are at firſt apt to make their rooms too warm, 
not imagining how little a fire will be ſufficient, 
When the plates are no hotter than that one may 
juſt bear the hand on them, the room efron ny be 
as warm as * deſire it. 5 


Soon 3 ah the foregoing piece was Publ ſped, ſeme perſons 
in England, in imitation of Mr. Franklin's invention, 


made | what they call Penſylvania Fire- places, with im- 
provements ; the principal of which: pretended improvements 
16, 4 contraction of the paſſages in the air-box, originally 
defigned for admitting @ quantity of freſh air, and warming 
it as it entered the room, The contracting theſe paſſages 
gains indeed more room for the grate, but in a great meaſure 
defeats their intention. For if the paſſages in the air-box 
do not greatly exceed in dimenſions the amount of all the cre- 
vices by which cold air can enter the room, they will not con- 
fiderably prevent, as they were intended to do, 1. entry of 
cold air through theſe crevices. 


LETTER 
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LETT E R XXIV. 
F R O M 
BENJ. FRANKLIN, £&/q; of Philadelphia. 


'T © 


Dr. L—, at Charles _ Seutb Carolina. 


S IR ' Philadelphia, March 18, 1755. 
Send you eneloſed a paper containing ſome new 
experiments I have made, in purſuance of thoſe by 

Mr. Canton that are printed with my laſt letters. I 
hope theſe, with my explanation of them, will afford 
you ſome entertainment “. 

In anſwer to your ſeveral enquiries. The tubes and 
globes we uſe here, are chiefly made here. The glaſs 
has a greeniſh caſt, but is clear and hard, and, 1 
think, better for electrical experiments than the white 
glaſs in Landon, which is not ſo hard. There are cer- 
tainly great differences in glaſs. A white globe I. had 
made here ſome years ſince, would never, by any 
means, be excited. Two of my friends tied it, as 

See p. 162, ſor che · paper hete mentioned. | 0 
well 
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well as myſelf, without ſucceſs, At length putting it 
on · an electrie ſtand a ehain from the prime-conduttor 
being in contact with it, I found it had the properties 
of a non- electric; for I could draw ſparks from any 
of it, though it was very elean and dry. | 

All 4.know of Domiem is, that by his own account 
he was a native of Tranſylvania, of Tartar deſcent, but 
a prieſt of the Greet church: He ſpoke and wrote 
Latin very readily and correctly. He ſet out from his 
own country with an intention of going round the 
world, as much as poſlible, by land. He travelled 
through Germany, France, and Holland to England. 
Reſided ſome time at Oxford. From England he came 
to Maryland; thence went to New-England; returned 
by land to Philadelphia; and from hence travelled thro' 
Maryland, Virginia, and North Carolina to you. He 
thought it might be of ſervice to him in his travels to 
know ſomething of electricity. I taught him the uſe 
of the tube; how to charge the Leyden phial, and ſome 
other experiments. He wrote to me from Charles 
Town, that he had lived eight hundred miles upon 
electricity, it had been meat, drink, and cloathing to 
him. His laſt letter to me was, I think, from, Ja- 
maica, deſiring me to ſend the tubes you mention, to 
meet him at the Havannab, from whence he expected 
to get a paſſage to La Vera Cruz; deſigned travelling 
over land through Mexico to Acapulco; thence to get a 
paſiage to Manilla, and ſo through China, India, Perfia, 
and Turtey, home to his own country; propoſing to 
9 — chiefly by electricity. A ſtrange pro- 
a ject! 
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ject ! But he was, as you obſerve, a very ſingular cha- 
racter. I was ſorry the tubes did not get to the Ha- 
uannab in time for him: If they are ſtill in being, 
pleaſe to ſend for them, and accept of them. What 
became of him afterwards I have never heard. He 
promiſed to write to me as often as he could on his 
journey, and as ſoon as he ſhould get home after 
finiſhing his tour. It is now ſeven years ſince he was 
here. If he is ſtill in New Spain, as you imagine from 
that looſe report, I ſuppoſe it muſt be that they con- 
fine him there, and prevent his writing: but I think 
it more likely that he may be dead. 

The queftions you aſk about the pores of gab, F 
cannot anfwer otherwiſe, than that I rin nathing of 
their nature ; and ſuppoſitions, however ingenious,” 
are often mere miſtakes. My hypotheſis, that they 
were fmaller near the middle bf the glaſs, too ſmalt to 
admit the paſſage of electricity, which could paſs 
through the furface: till it came near the middle, was 
certainly wrong: For foon after I had written that 

letter, I did, in order to confirm the hypotheſis, (which 
indeed 1 onght to have done before I wrote it) make 
an experiment. I ground away five-ſixthis of the 
thickneſs of the glaſs, from the fide of one of my 
phiak, expecting that the ſuppoſed denfer part heing 
ſo removed, the electric fluid might come through the 
remainder of the glaſs, which I had imagined more 
open; but 1 found myſelf miſtaken. The bottle 
charged as well after the grinding as before. T am 
now, a macht as ever, at a loſs to know how or where 

Vu the 
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the quantity of electric fluid, on the politive ſide of 
the laſs, 3 is diſpoſed of. 

As to the difference of conductors, there is not 5 
this, that ſome will conduct electricity in ſmall quan- 
tities, and yet do not conduct it faſt enough to produce 
the ſhock ; but even among thoſe that will conduct a 
ſhock, there are ſome that do it better than others. 
Mr. Kinnerfley has found, by a very good experiment, 
that when the charge of a bottle hath an opportunity 
of paſſing two ways, i. e. ſtrait through a trough of 
water ten feet long, and ſix inches ſquare; or round 
about through twenty feet of wire, it paſſes through 
the wi re, and not through the water, though that is 
the ſhorteſt courſe; the wire being the better conduc- 
tor. When the wire is taken away, it paſſes through 
the water, as may be felt by a hand plunged in the. 
water; but it cannot be felt in the water when the 
wire is uſed at the ſame time. Thus, though a ſmall 
vial containing water will give a ſmart ſhock, one 
containing the ſame quantity of mercury will give one 
much ſtronger, the mercury being the better conduc- 
tor; while one 1 oil only, will ſcarce give any 
ſhock at all. 

Your queſtion, how I came firſt to think of. propo- 
ſing the experiment of drawing down the lightning, - 
in order to aſcertain its ſameneſs with the electric 
fluid, I cannot anſwer better than by giving you an 
extract from the minutes I uſed to keep of the experi- 
ments I made, with memorandums of ſuch as I pro- 


2 to make, the reaſons for making them, and the 
obſervations 
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obſervations that aroſe upon them, from which mi- 
nutes my letters were afterwards drawn. By this ex- 
tract you will ſee that the thought was not ſo much 
an out- of- the- way one,” but chat! it might have oc- 
curred to any electrician. 
Nov. 7, 1749. Electrical aud agrees with light- 
{© ning in theſe particulars : 1. Giving light. Colour 
de of you light.” 3. Crooked direction, 4. Swift mo- 
tion. 5. Being conducted by metals. 6. Stack or 
ee noiſe in exploding.” 7. Subſiſting' 1 in water or ite. 
te 8. Rending bodies it paſſes through. 9. Deftroyitg 
* animals. 10. Melting metals. rr. Firing inflam- 
ce mable ſubſtances. 12. Sulphureous ſmell. -—The 
ce electric fluid is attracted by Points. We do 5 
te know' whether this property is in lightning. 
« ſince" they agree in all the particulars wherein. we 
can already Compare them, is it not — they 
« agree Hkewiſe in this? Let the "expe vente 
ce made. 1:51} Yol 014: WI 01 1 52 Aue 
I withT 6500 give yo Apensen in thäuttiele 
of clouds: I am ſtill at a Tofs About the manner In 
which they become charged with electricity; ; nd 22 
potheſis I have yet formed perfectſy ly Earth 
Some time ſince, I heated very hot à braſs 5 two 
feet ſquare, and placed at on an electric ſtand. From 
the plate a wire extended horizontally fur or five 
feet, and; at the end of it, hung; by linnen thteachs, 
a paif 6f cork balls. I then repeatedly ff prinkled Watt 
over the plats; that N might be Tal 2 it in Va- 
pour, hoping that if the vapour either carried off this 
Uu 2 electricity 
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electricity of the plate, or left behind it that of the 
water, (one of which 1 ſuppoſed. it muſt do, if, like 
the clouds, it became electrified itſelf, either poſitively 
or negatively) I ſhould: perceive, and determine it by the 
ſeparation of the balls, and by finding whether. they 
were poſitive or negative; but no alteration was made 
at all, nor could 1 perceive that the Ream, was itſelf 
deen er thou 1055 1-have ſtill ſome ſuſpicion that the 

ſteam was not examined, and I think the experi» 
ment ſhould be — Whether the firſt ſtate of 
electriſadelouds is poſitive or negative, if I could find 
the cauſe of that, 1 ſhould be at no loſs about the 
other, for either, is, eaſily deduced. from the other, as 
one ſtate is eaſily produced by the other. A ſtrongly 
a | cloud may drive out of a neighbouring cloud 
much of its natural quantity of che electric fluid, and, 
paſſing b La leave it in a negative ſtate. In the ſame 
way, a ſtrongly negative elond may a, neigh- 
bouring cloud to draw into itſelf from othero, an ad 
ditional quantity, andi paſſing by it. leave it in. a po- 
ſitive ſtate, How theſe effects. may be produced, yu 

will gaſily concewe, on peruſing and conſidering. the 
ch in Abe Enclaſed paper: And from; them 
too. it appears prohahle, that every; change fran poſi- 
dye to Ry 1 get and, 3 — negative to N that, 
duxing 


guſt, we 486, in the co an- 
. hy Apo 


is not N whe preſence 

bnd pe, ſtate, hut often tg, 171 0 
of paſitive. or ee ene that, having jſt paſſed. 
d in the; oppoſite, Bae: +3r1t arqort 1750 
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The knocking down of the fix men was performed 
with two of my large jarrs not fully charged. I laid 
one end of my diſcharging. rod upon the head of the 
firſt; he laid his hand on the head of the ſecond ; the 
ſecond his hand on the head of the third, and ſo to the 
laſt, Who held, in his hand, the chain that was con- 
netted with the outſide of the jarrs. When they were 
thus placed, 1 applied the other end of my rod to the 
prime. conductor, and they all dropt together. When 
they got up, they all declared they had not felt any 
ſtroke, and wondered how they came to fall; nor did 
any of them either hear the crack, or ſee the light of 
it. Lou ſuppoſe it a dangerous ex t; but 1 
had once ſuffered the ſame myſelf, receiving, by acei- 
dent, an equal ſtroke through my head, that ſtruck 
me down, without hurting me: And 1 had ſeen a 
young' woman that was about to be electriſied through 
the feet, (for ſome indiſpoſition) receive a greater 
charge through the head, by inadvertently ſtooping 
forward to look at the placing of her feet, till her 
forchead (as {he was very tall) came too near my 
prime conductor: She dropt, hut inſtantiy got up 
again; domptaining of nothing. A perſon ſo ſtruck, 
fin dn doubled, or folded as it werte, the 
zolnte loſing their ſtrength and ſtiffneſs xt once, fo 
that he drops on the ſpot where he ſtood, inſtantly, 
and there is no previous ſtaggering, nor does he ever 
fall, length it. Too great à charge might, indeed, 
Kill a man, but 1 have not yet ſeen any hurt dene by 
55 It would certainly, as you obſerve,” be the eaſieſt 

Al deaths. The 
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The experiment you have heard ſo imperfect an ac- 
count of, is merely this,---I electrified a ſilver pint 
cann, on an electric ſtand, and then lowered into it a 
cork-ball, of about an inch diameter, hanging by a 
ſilk ſtring, till the cork touched the bottom of the 
eann. The cork was not attracted to the inſide of 
the; cann as it would have been to the outſide, and 
though it touched the bottom, yet, when drawn out, 
it was not found to be electrified by that touch, as it 
would have been by touching the outſide. The fact is 
ſingular. Vou require the reaſon ; I do not know it. 
Perhaps you may diſcover it, and then you will be ſo 
good as to communicate it to me *. I find a frank 
acknowledgment of one's ignorance is not only the 
eaſieſt way to get rid of a difficulty, but the likelieſt 
Wa to obtain information, and therefore 1 practice 
it: 1: think it an honeſt policy. Thoſe who affect to 
be thought to kno every thing, and ſo undertake to 
explain every thing, often remain long ignorant of 
many things that others could and ue inſtruct 
thema in, if they appeared leſs conce ite. 
The treatment your friend has met with: is ſo com · 
Son,nthat no man who:knows what the world is, and 
ever has been, ſhould expect to eſcape it. There are 
every where a number of people, Who, being — 
anne of 1 een Kue themſelves, do not 


Ms 2 ae inge thought, that — rg the. Joutual 8 
inger oppoſite ſides of the eleQtiſed cann, may prevent the accumulating 
an atmoſphere upon them, and occaſion it to ſtand 'chiefly*on' 
outfide. e e ee of ee 


297 | [4 Tea 


On, Philoſophical Subjefts. 335 


readily conceive that others may poſſeſs it: They think 
of inventions as of , miracles; there might be ſuch 
formerly, but they are ceaſed. With theſe, every one 
who offers a new invention is deemed a pretender : 

He had it from ſome other country, or from ſome 
book: A man of their own acquaintance; one who has 
no more ſenſe than themſelves, could not poſſibly, in 
their opinion, have been the inventer of any thing. 
They are confirmed, too, in theſe ſentiments, by the 
frequent inſtances of pretenſions to invention, which 
vanity is daily producing. That vanity too, though 
an ineitement to invention, is, at the ſame time, the 
peſt of inventors. Jealouſy and Envy deny the merit 
or the novelty of your invention; but Vanity, when 
the novelty and merit are eſtabliſned, claims 4t for its 
own. The ſmaller your invention is, the more mor- 
tification you receive in having the credit of it dif- 
puted with you by a rival, whom the jealouſy and 
envy of others are ready to ſupport againſt you, at 
leaſt ſo far as to make the point doubtful. It is not 
in itſelf of importance enough for a diſpute; no one 
would think your proofs and reaſons worth their at- 
tention : And yet if you do not diſpute the point, and. 
demonſtrate your right, you not only loſe the credit 
of being in that inſtance ingenious, but you ſuffer the 
diſgrace of not being ingenuous; not only of being a 
plagiary but of being a plagiary for trifles. Had the 
invention been greater it would have diſgraced you 
leſs; for men have not ſo comtemptible an idea of 


him that ** for gold on the highway, as of him 
that 
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that can pick pockets. for half-pence and farthings. 
Thus through Envy, Jealouſy, and the Vanity of 
competitors for Fame, the origin of many of the 'moſt 
extraordmary inventions, though produced within but 
a few centuries paſt, is involved in doubt and uncer- 
tainty. We ſcarce know to whom we are indebted for 
the compaſs, and for ſpeftacles, nor have even paper and 
printing, that record every thing elfe, been able to 
preſerve with certainty the name and reputation of 
their inventars. One would not, therefore, of all fa- 
culties, or qualities of the mind, wiſh, for a friend, 
or a child, that he ſhould have that of invention. For 
his attempts to benefit mankind in that way, however 
well imagined, if they do not ſucceed, expoſe him, 
though very unjuſtly, to general ridicule and con- 
tempt; and, if they do ſucceed, to envy, robbery, 
and abuſe. ' Ii r 
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LETTER XXV. 


0 1 Eg; of Londim, 


T O 


| Bux). FRANKLIN, 0% at Philadelphia. 


| DEAR SIR, 


T is now near three years fince I received your ex- 
cellent Obſervations on the Increaſe of . Mankind, &c. * 
in which you have with ſo much ſagacity and accuracy 
ſhewn in what manner, and by what cauſes, that prin- 
cipal means of political grandeur is beſt promoted; 
and have ſo well ſupported thoſe juſt inferences you 
have occaſionally drawn, concerning the general ſtate 
of our American colonies, and the views and conduct 

of ſome of the inhabitants of Great- Britain. 
Vou have abundantly proved that natural fecundity 
1s, hardly to be conſidered, becauſe the vis generandi, 
as far as we know, is unlimited, and becauſe expe- 
rience ſhews that the numbers of nations is alto- 
gether governed by collateral cauſes, and among theſe 
none of ſo much force as quantity of ſubſiſtence,, 
See pag. 205. | 1 
= LY whithier 
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whether ariſing from climate, ſoil, 3 of 
tillage, trade, fiſheries, ſecure property, conqueſt of 
new countries, or other favourable circumſtances. 
As I perfectly concurred with you in your ſenti- 
ments on theſe heads, I have been very deſirous of 
building ſomewhat on the foundation you have there 
laid ; and was induced by your hints in the twenty- 
firſt ſection, to trouble you with ſome thoughts on 
the influence manners have always had, and are always 
| likely to have on the numbers of a Pore. ang their 
political proſperity in general. 
The end of every individual is its own private good. 
The rules it obſerves in the purſuit, of this good, are 
a ſyſtem of propoſitions, almoſt every one founded in 
authority, that is, derive their weight from the credit 
given to one or more 2 2 and not from demon- 
Kration. 
And this, in the moſt important as well as the other 
affairs of life, is the caſe even of the wiſeſt and phi- 
loſophical part of the human ſpecies ; and that it 
mould be ſo is the leſs ſtrange, when we conſider that 
i is, perhaps, impoſſible to prove, that Being, or life 
itſelf, has ny" other value than what 1 18 ſet on ĩt by 
authority. | 
A p6rErattarih of this may be derived from the 
obfireatin;” that in every country in the univerſe, 
happineſs is fought upon a different plan ; and, eyen 
in the ſame country, we ee It placed by different ages, 
profalions, and ranks of men, in the attainment of 
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Theſe propoſitions, as well as others, framed upon 
them, become habitual by degrees, and, as they govern 
the determination of the will, I call them moral habits: 

There are another ſet of | habits that have the direc- 
tion of the members of the body, that I call therefore 
mechanical habits, Theſe compoſe what: we commonly: 
call The Arts, which are more or leſs liberal or mecha- 
nical, as they more or aan 
the operations of the mind. 

The cumulus of the moral . of each :ndividud- 
is the manners of that individual; the cumulus of the 
manners of individuals makes up the manners _ A 
nation. 

The happineſs of Wia is evidedaly the u- 


maate end of political ſociety;; and political welfare, or 


the ſtrength, ſplendour, and opulence of the ſtate, 
have been always admitted, both by political writers, 
and the valuable part of mankind in general. to con- 

duce to this end, and are therefore deſu able. 
The cauſes that advance or obſtruct any one: 785 
theſe three objects, are external or internal. The lat 
ter may be divided into phyſical, civil, and-perſonal, 
under which laſt head I comprehend: the: moral and 
mechanical habits of mankind. The phyfcal cauſes 
are principally; climate, foil, and number of ſubjects; 
the civil are government and laws ; and | wel- 
fare is abhways in a ratio compoſed of the force of 
theſe particular cauſes; a multitude of external cauſes, 
and all tied internal ones, not only nontroul and 
1 * 8 on, and thereby in- 
X x | | n 
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ſenſibly, as well as ſenſibly, altering one another, both 
for the better and the warn, and this not ng; 
the climate itſelf. | 
The powerful chaos of manners in — a 
people, is | manifeſt from the inſtance” you mention, 
the Quakers; among them induſtry and frugality mul- 
tiplies and extends the uſe of the neceſſaries of life; 
to manners of à like kind are owing the populouſneſs 
of Holland, Switzerland, China, Japan, and moſt parts 
of Indeſkan, &c. in every one of which the force of 
extent of territory and fertility of ſoil is multiplied, 
or their want compenſated by induſtry and frugality. ' 
Neither nature nor art have contributed much to the 
production of ſubſiſtence in Switzerland, yet we ſee 
frugality preſerves, and even increaſes families that live 
on their fortunes, and which, in England. we call the 
Gentry; and the obſervation we cannot but make in 
the Southern part of this kingdom, that thoſe families, 
including alk: ſuperior ones, are gradually becoming 
extinct, affords the cleareſt proof that luxury (that is, 
a greater expence of ſubſiſtence than in prudence à 
man ought to conſume) is as deſtructive. as a propor- 
tionable want of it; but in Scotland, as in Switzerland, 
the Gentry, / though one with another they have not 
one-fourth of the income, increaſe in number.. 
And here I cannot help remarking, by the by, how 
well founded your diſtinction is between the increaſe 
of mankind in old and new ſettled countries in ge- 
neral, and more particularly in the caſe of families of 
condition. In America; vers their expences are 21 
dia-! 8 — confined 
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confined to neceſſaries, and thoſe neceſſaries are cheap,. 
it is common to ſee above one hundred perſons de- 
ſcended from one living old man. In England it fre- 
quently happens, where a man has ſeven; eight, 'or 
more children, there has not been à deſcendant in the 
next generation, occaſioned by the difficulties the num 
ber of children has brouglit on the family, in a luxu- 
rious dear rn er rde ane their 
marfying.” 10. 9 Os hat rande To 

That this is more owing to rw than mere want 
appears from what I have ſaid of Svotland, and more 
plainly from parts of England remote from London, 
in moſt of which the neceſſaries of life are! nearlyriag 
dear, in ſome dearer chan in Eondon, 1 8 
* ranks marry and breed up children. 

Again; among the lower ranks of fife-noaetpiudice 
ſo few children as ſervants.” This:is in ſome meaſure; 
to be attributed to their ſituation, hieh hinders mar- 
riage; but is alſo to be attributed to their luxury, and 
corruption of manners, which are greater than among 
any other ſet of people in England, and is the conſe- 
quence of a nearer view of the lives and perſons of a 
fuperior rank, than any inferior rank, without! _— 
Per education, ought to have. e. 

The quantity of ſubſiſtence ih Englandhas unified: 
ttonably become greater for many ages; and yet! if the 
mhabitants are more numerous, they certainly are not 
ſo in proportion to our improvement of the means og 
ſupport. I am apt to think there are few parts off this 


ane that have not been at ſome former time more 
6 populous 
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populous than at preſent; I have ſeveral cogent rea- 

ſons for thinking ſo of great part of the counties 1 
am moſt intimately acquainted with; but as they were 
probably not all moſt populous at the ſame time, and 

286 ſome of our towns are viſibly and vaſtly grown in 

bulk. I dare not ſuppoſe, as judicious men e done, 
that Ert leſs peopled than. heretofore. io Jo's: 

This growth of our towns is the effect of a change 
of manners, and improvement of arts, common. to 
all Evwrope; and though it is not.imagined that it has 
leſſened the country growth of neceſfaries, it has evi- 
dently; by introducing a greater conſumption of them, 
(an; mfallible conſequenee of a nations dwelling in 
tons) cpunteracted the eden of our ee ad- 
vances in the arts 

But however? frugality may ſupply the place: of, or 
acolipality oounteract the effects of the natural Gr ac- 
quired ſubſiſtenec of a country, induſtry, is, beyond 
doubt; a more-efficacious cauſe of plenty than any na- 
turab advantage of extent or fertility. I have men- 
tioned inſtances of frugality and induſtry; united with 
extent and fertilily; in Spain and Afar Minor, we m—_ 
er, joined to extent — fextility; ent indu 


4 none of them but — The: change in 

theſe two countries is obvious to every one, and it is 

—_ to! Sen . not 3 _ auen in 
O Tt: 100 ROM 

20h induſtry: andifragalizy in Babes n 

furprling both. the rent und the value ef che inke- 
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ritance of land depend on them greatly more than on 
nature, and this, though there is no conſiderable dif- 
ferenoe in the prices of our markets. Land of equal 
goodneſs lets for double the rent of other land lying 
in the ſame county, and there are many years purchaſe 
difference between different counties, where rents are 
equally well paid and ſecure. 
Thus manners operate upon the number of zb 
bitants, but of their ſilent effects upon à civil conſti- 
tution, hiſtory and even our own experience, _ yields us 
abundance of proofs, though they are not uncommonly 
attributed to external cauſes: Their ſupport of a go- 
vernment againſt external force is ſo great, that it is a 
common maxim among the advocates of liberty, that 
no free government was ever diſſolved, or overcome, 
rr | 
The ſuperiority of Greece over - Perfia was ſingly 
owing to their difference of manners; and that, tho 
all natural advantages were on the ſide of the latter, 
to which I might add the civil ones; for though the 
greateſt of all civil advantages, Liberty, was on the 
ſide of Greece, yet that added no political ſtrength to 
her, than as it operated on her manners, and, When 
they were corrupted, the reſtoration of their liberty 
by the Romans, overturned the remains of their power, 
Whether the manners of ancient Rome were, at any 
period, calculated to promote the happimeſs of indivi- 
duals, it is not my deſign to examine; but that their 
manners, and the effects of thoſe: manners on their 


government and public conduct, faunted, Gr 
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and ſupported, and afterwards overthrew their empire, 
is beyond all doubt. One of the effects of their con- 
queſt furniſnes us with a ſtrong proof how prevalent 
manners are even beyond quantity of ſubſiſtence; for, 
when the cuſtom of beſtowing on the citizens of Rome 
corn enough to. ſupport themſelves and families, was 
become eſtabliſhed, and Egypt and Sictly produced the 
grain that fed the inhabitants of Italy, this became leſs 
populous every day, and the Jus trium kberorum was 
but an expedient that could not balance the want of 
_ Induſtry and frugality. | 

But corruption of manners did not only thin the 
inhabitants of the Roman empire, it rendered the re- 
mainder incapable of defence, long before its fall, per- 
haps before the diffolution of the republic; ſo that 
without ſtanding diſciplined armies compoſed of men, 
whoſe moral habits principally, and mechanical habits 
ſecondarily, made them different from the body of the 
people, the Roman empire had ene a . to the bar- 
barians many ages before it was. 

Buy the mechanical habits of the ſoldiery, I mean 
their diſcipline,” and the art of war; and that this is 
but a ſecondary quality, appears from the inequality 
that has in all ages been between raw, though well diſ- 
ciplined armies, and veterans, and more from the ir- 
reſiſtible force a ſingle moral habit, Religion, has 
conferred on troops mn . 1 nor 
ne: es end 

The military nnen of Wes üsblefld ie France, 
compoſe. the chief force of that kingdom, and the en- 
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terpriſing manners, and reſtleſs diſpoſitions of the in- 
habits of Canada have enabled a handful of men to 
harraſs our populous, and, generally, leſs martial go⸗ 
lonies; yet neither are of the value they ſeem at firſt 
ſight, becauſe, overbalanced by the defect they occaſion 
of other habits that would produce more eligible Po- 
ltical good: And military manners in a people are not 
neceſſary in an age and country where ſuch manners 
may be occaſionally formed and Preſerved among men | 
enough to defend the ſtate; and ſuch a country is 
Great Britain,” where, though the lower clafs of peo- 
ple are by no means of a military caſt,” yet they make 
better ſoldiers than even the Nobleſſe of France.” © | 
The inhabitants of this country, a few ages back, 
were to the 'populous' and rich provinces of France, 
what Canada is now to the Bririſb colonies. It is true, 
there was leſs diſproportion between their natural 
ſtrength; but I mean that the riches of Nuuce were 4 
real weakneſs oppoſed to the military manners founded 
upon poverty and a rugged diſpoſition, than the cha- 
racter of the Engkf ;' but'it muſt be remembered, that 
at this time the manners of a people were not diftint 
from that of their ſoldiery, for the uſe' of ſtanding” 
armies has deprived à military people of the advan-' 
tages they before had over others; and though it has 
been often ſaid; that civil wars give power, | becauſe 
they render all men ſoldiers, T'beliey "this" 5 5 
been found true in internal wars following tivit 
and not in external ones; for now, in 1 as 
a mall amy wich ample” meins to füppört 36/48 6f 
284i | Yy greater 
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greater force than one more numeraue, wich leſs; 
Gr laſt fact ook fie, warn wha Promega 
e 5 


- 
i | 


ay a and 4 gl of the body of a people 
wing under a government and laws that | encourage 
commerce; for commerce is at this day almoſt the only 
Aimulus that forces every one to contribute a here of 
labour for the public benefit. 

But ſuch, js the human, frame, and the world is FY 
conſtituted, that it is à hard matter to poſſeſs ones ſelf 
of a benefit. without laying ones ſelf open to a loſe 
on ſome other ſide; the unprovements-of manners of 
one ſort, often deprave thoſe of another: Thus we 
ke induſtry and er under the influence of com- 
merce, which I call a commercial ſpirit, tend to deſ- 
2 as well rec eee eee 

. 

Commerce-pe erfetts the arts, Ie wt: tho-meſhani= 
cal than the liberal, and. this. for. an abvious"reakad.» 
it ſoftens and enervates the manners. Steady virtue, 
and unbending integrity, are ſeldom. to be found-where: 
Big commerce pervades every thing ; yet the: 
of commerce is, that every thing ſhould 
iy its price, We every day ſee its; progrets both to 
our benefit and detriment here. Things that boni m 
res forbid; to be. ſet to ſale, are become its objects and 
there axe few things indeed aura cmmerciume The. 
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livings are ſeldom given without oonfideration, even by 
fincere:Chriſtians, and for conſideration not ſeldom tb 
very unworthy perſons. The rudeneſs of antient mi- 
litary times; and the fury of more modern enthafiaſtic 
ones, are worn off; even the ſpirit of forenſie con- 
tention is aſtoniſhingly diminiſhed, all marks of man- 
ners ſoftening; but luxury and corruption have taken 
their places, and ſeem the inſeparable Caidplnions of 
Commerce and the Arts. 2 

L cannot help obſerving,” however, that this iu much 
more the caſe in eittenſive countries, eſpecially at their 
metropolis; thaw in other aces.” It is an old obſer- 
vation of politicians, and frequently mate: by hiſto- 
rians, that ſmall ſtutes always beft e their man- 
ners; whether this happens frem the greater fohm 

there ix fdr artention in the legiſlatare, 6yi!Feom the 

1e&:roota-there ib for ambition and dvariee, it is a 
1 Aeong- argument, amdng others; aguinſt an iner e 
rating union vf the oolonies in Amerita; of even a 
federal one, ditt eng tend d the future tedaving them 
-under one government. Vat 209 ; 7 oqmt DUTT 
rer poneer whit dba i ua, n ym nn 
us well as manner, is mor ſeeufe; and; 
the little danger of uny con ubſt te be mate d 

them, I had rather they ſhould fuffer ro 
Aumion, that ſee them under u general throiniſhration 
4efb equitable than thut coricerted wr UH '& 

- »T'talee it; che inhabitartts of ages VANE Wugil 
ant inddſtrious Beyend thoſe ef ny previtres in Ante 

tina)”: Ut tuzury Galla ren, Ir cant Be eritpur 
das 121 * y 2. by 


by daws. Wie are told by Platarody that Plata uſed to 
day, Ir vas u hard thing to male — * the- Cyrenians, 
A people; abounding in plenty; aud opulenice.; 770 19% 
But from what I ſet aut with; 8 ifi be 
35 miſtaken, that education only can ſtem the tor- 
rent, and without chreking either true induſtry or 
frugalitz, prevent the ſordid frugality. and lazineſs of 
the old vi and many af the modem Scotab. ( wean 
the inhabitants of — country, thoſe who leaverit: for 
another being generally induſtrigus) or che induſtry, 
miged, With luxury, Ae! capital, froma getting | 
groundi and by rendering antienti manners 
Produce; a geconciliation twee diſtatereſtedneis and 
commerce ; ching We 8 molt rape 
men of aliberal, educatien. aide 119 tr 
To epnclude; when we would form ragten 
ant climate. way be fehnd, at leaſt fufficiently:gavd: 
inhabitants may be.cncauraged 40 ſettle, and p- 
ported for awhile; ago governtnent and lawau,EZy 
be framed,' and even ate may bo aſtabliſhed, or their 
produce imported; but many neceſſary, moral habits 
are hardly ever fourd.areng thoſe who voluntary offer | 
themelyes in times af quiet at home, to people new 
nigs.g; elidles 1 that; The moral, as well.as mecha- 
cal habits, adapted to zi mother country; are frequently 
not ſo to; the. new:dettled one, and to extemal events, 
many of which. are always unforeſeen. Alence it is 
we hay deen ſuch frnitleſs attempts to ſettle: calanies, 
at an ĩimmenſe public and privats expence, by everal 
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#etyable that none of the Eagiiſu colonies bõbame an 
way conſiderable, ill · the i neceſſary mariners? were born 
and grew up in the county, excepting thoſt todHich 
ſingular circumſtances. at home forced: manners ft ifor 
the forming a new ſtaterr 1d Str 02 
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bel E, 0 lo er April H 57. 
1 N 4 long dine be kid che Fefe of Rne 
from you; and ifidetd, the troübles of bur dun- 
Hos yh the Hhutry of büfinefs 1 have been engaged 
R in om chat aceoninit Have made ne sb. bad à correfpen- 
dent Uat J ought nüt cuality im others. 
et being about to embark for Exglond, I cbuld not 
te Continent withetit paying my reſpects tb you; 
and; at the' Tame time, . to introduce to 
E "of Tearing and merit, 
m0} | Colonel 


ese - Lyntons:cn\Pafune" 


Colonel Ney Bangurti who dots dne the fayour. to pre- 
dent; yon this letter; and with whom: d am ſure yon 
will. be much pleaſedo⸗- o i gu worg 1 
Profeſſor Simpfon, df. Glaſzew, lately communicated 
to me ſome curious experiments af a phyſician of his 
acquaintance, by Which it appeared, that an extraor- 
dinary degree of cold, even to freezing, might be pro- 
duced by evaporation. I have not had leiſure to repeat 
i the firſt and eaſieſt of them, 
vi. Wet the ball of a thermometer by a feather dipt 


A er Tad, d Ame er der 


urſe, the fame d 
_— The mercury links Þ 


ep red three or four. de- 
„and the quicker, if, the evaporation, 


you inthe pl -with — — werting 
— b g, when the mercury is down, carries it 
yet lower. I think I did mot get it lower than five or 


here it na ſtood, 
a Wu apiece l 
another ſo hat 6 
br farmer — — 


roungep, with the. fpirit, ande hoth placed nden 
Tecgiyen of an mps on. exhauſting the, ain 
Gpicit, £vaporating, jegbgs Iuelncn degrre of cold — 
freeae the water, though the zbenmometer, in the apen 
air: ans many degrees. above the freezing point, 

Ano mot how this phænomegon Row — 
for, but it gives mg Ocaſion to. mention fone; loo 
: notions, relating to heat and cold, which, 4 have;,for 
ome time entertaingd,. but pat>yet. reduced, into any 


aol _ | form. 
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ſorm. Allowing common. fire, as well as Electrical, 
to be a fluid capable of permeating other Bodiss; and 
ſeeking an equilibrium, I imagine ſome bodies are bet- 
ter fittech hy nature ta be conductors of that fluid than 
others; and that, generally, thoſe: which are the:befſt 
condactara of tbe electrical - uit, arg eee 
cond uctors af this; and e cuntra- eiii 38 


Fhus a body Which is a good chanduBobuaf a 


readily receives it into its ſubſtance, and conduct it 
through the whole to all the parts, as metals uind Wa- 
ter do; and if two bodies, both good conductor on 
heated, the other in its common ſtate, ave brought into 


contact with each other, the body which hasmolt fire: 


readily communicates af it ta that which had lealt, and 
that. Which had leaſt readily receives it, till 
briuc is ꝓtoducec Thus if yon take a gollar betw 
your fingers with ont hand; am piece of wood, of 
the! amt dimenſtons, with the ther, and bring | 
at: the ſame time to the flame: og candle,” you 
bad vour ef obliged tor droprikedioliar before 
drop the: wood, | becauſe it comtutts> the head. 825 
candle ſooner to your fleſ.. Thus) af a il 

had a handle f the meinem eue ben . 80 
heat from. the water to the hand; and become ce et 
to be uſed we therefore giue to metal tba pat a 
bande ot wood,: — — 4 conductor. us 
metal. But a china or ſtone tei-pot being i forte! de- 
groe of the nature af glaſs, which ls not @ god 


c 
ductor of heat, may have a handle of the fame Nw. 
ee eme eee e 
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ſenſible of cold, or chill him more than a dry air that 
s::colder, becauſe a moiſt air is fitter to receive and 
conduct away the heat of his body. This fluid enter- 
ing bodies in great quantity, firſt expands them; by 
ſeparating their parts a little; afterwards by farther 
ſeparating their parts, it renders ſolids fluid, and at 
length diſſipates their parts in air. Take? this fluid 
from melted lead, or from water, the parts cohere 
again, the firſt grows ſolid, the latter becomes ice: 
And this is ſooner done by the means of good con- 
ductorso Thus if you take, as. I have done, a ſquare 
bar: of lead, four inches long, and one inch thick, 
terrthertwith three pieces of wood planed to the ſame 
n dimenſions, and lay them; as in the 
$ EFF FA opt; 2 margin, on a ſmooth board,; fixt ſo 
2 a not to be cafily ſeparated or moved; 
and pour into the cavity chry form. 
moch melted lead as will uin 
become firm, on the ſide next the 
— 1 bord fotne- time: befbre it chills on the other 
„ .cantabt' with ithe wooden bars, though 
| che lead was:pauredring1they| might all be ſup- 
—— heut or coldneſs, as 
they had: been expoſed in the ſame room to the ſame 
air. Von will lkewiſe obſerve, that, the leaden bur, 
| 4 er cooled the meltedlead more than the wdoden 
bars) have done, eſol it lis itſelf more heated! by the 
meltech desde, 10:9{bagd £ wei N tapd 10 lob 
-1Thaexscis a certain quantity uf ithis fluid called fire, 
in exe living human body, which fluid being in due 
| * 
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proportion, k eeps the parts of the fleſh and: blood, at 
ſuch a juſt Aae from each other, as that the fleſh 
and nerves are ſupple, and the blood fit for circulation, 
If part of this due proportion of fire be conducted 
away by means of a contact with other bodies, as air 
water, or metals, the parts of our ſkin and fleſn that 
come into ſuch contact; firſt draw more neat together 
than is agreeable, and give that ſenſation which we 
call cold; and if too much be conveyed- away/'the 
ſtiffens, the blood ceaſes to flow, and deatli 
enſues On the other hand, if too much of this fluid 
be communicated to the fleſh, the parts are ſeparated 
too far, and pain enſues, as when they are ſeparated 
by a pin or lancet;”/ The ſenſation that the ſeparation 
by fire occaſions, we call heat, or burning. My deſk 
on which L now write and the lock of my deſk; are 
both / expoſed to tiie ſame temperature of the air, and 
have therefore the ſame degree of heat or cold; yet if 
I: lay my hand ſucteſſively on the wood and on the 
metal; the latter feels much the coldeſt, not that it is 
really: ſo, but being a better conductor, it more readily 
than the wood takes away and draws into i elf the 
ſie tliat wWwas in my ſkin. Accordingly if I lay one 
hand, part on the lock, and part on the wood, and 
after it has lain ſo ſome time, I feel both parts with 
my other hand, 1 find the part that has been in con- 
tact with the lock, very ſenſibly! colder to the touch, 
than the part that lay on the wood“. 

How a living animal obtains its. quantity of this 
fluid called fire; is a curiou⁴ queſtion, have ſhown! 
ol 2 2 EO that 
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that ſome bodies (as metals) have a power of attract- 
ing it ſtronger than others; and I have | ſometimes 
ſuſpected that a living body had ſome power af at- 
tracting out of the air, or other bodies, the heat it 
wanted. Thus metals hammered, or repeatedly bent. 
grow hot i in the bent or red part. But when I 
conſider that air, in contact with. che body, aooks.at ; 
that the ſurrounding air is rather heated by its contact 
with the body that every breath of cooler air drawn - 

in, carties off part of the body's heat when it paſſes 
dut again; that therefore there muſt be in the body a 
fund for producing it, or otherwiſe: the animal would 
ſoon grow cold; I have been rather inelined to think 
ihat the fluid. ine, as Well as the fluid air, is attracted 
hy plants in their growth, and becomes conſolidated 
— the other materials of which they are formed, 
and makes a great part of their ſubſtance : That when 
| they come to be digeſted, and to ſuffer in the! veſſels 
4 kind of fermentation, part of. the fire, as well as 
part of the air, recovets its; fluid active ſtate again, 
and diffuſes itſelf in the body digeſting and ſep 
it: That the fire ſo reproduced by digeſtion and ſepa- 
ration, [continually leaving the body, its place is ſup- 
plied by freſh quantities, ariſing from the continual 
ſeparation. That whatever quickens the motion of 
the fluids in an animal, quickens the ſeparation; and 
reproduces more of the fire; as exerciſe. That all 
the fire emitted by wood, and other combuſtibles, 
ben ee in them before, in a ſolid ſtate, 
being only di . 


- the naht 
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 foffils, as:fulphur,-ſea-coal, &c. contain a great deal 
of ſolid fire: That ſome bodies are almoſt wholly ſolid 
fire; and that, in ſhort, what eſcapes and is diſſipated 
in the burning of bodies, beſides water and earth, ig 
— air and fire that befere made parts of 
the ſolid. Thus I imagine that animal heat ariſes hy 
or from a kind of fermentatiom in the juides of the 
body, in the ſame manner as heat ariſes in the liquors 
g for diſtillation, wherein there is a ſepara- 
of the ſpirituous, from the wWatry and earthy 
parts And it is remarkable, that the liquor in a 
diſtiller's vat, when in its higheſt and heſt ſtatu o fur- 
mentation, as 1 have been informed, has nearly the 
fame r of heat with the human AAPL Ori 
aur e „n: 07 ©* T3hloos ou; gel rio 

- "Thus;"as by'a conſtant fupply of fuel in — 
you keep à warm room, ſo; by a conſtant ſupphy uf 
food in the ſtomach, you keep a πτ¹rm body: dnl 
where little exerciſe is uſed, the heat may poſſibly. be 
conducted aa too faſt ; in which caſe ſuch materials 
ate to be uſed for 'cloa and bedding, againſt the 
effects of an immediate contaſt of the air, as are, in 
themſelves, bad conductors of heat, and, conſequently, 
t its being communicated through their ſub- 
ance to the air Hence what is called nnn in 
woot, and ies preference,” on that account, to linen; 
wool not being ſo good a conductor: And hence all 

lig of animals to kegp them warm, 

ate ſuch as retain ànd confine the naturub heut in the 
aug, by being. * Tacks” as! ivook, Hair, 


2 2 feathers, 


warm air. 


would rather be driven off through: the veſſel, eſpecially 


feathers, and the filk by which the filk-worm, in its 
tender embrio ſtate, is firſt clbathed. Cloathing, thus 
conſidered, does not make a man warm by giving 
warmth, but by preventing the too quick diſſipation of 
the heat produced in his body and; ſo; occaſionling an 
A cumulation. Rn 2:3 nige mi I 2nd To bilct 9. 

There is another; curious queſtion I will juſt ven- 
ture to touch upon, via. Whence axiſes then ſudden 
extraordinary degree of cold, Perteptible on mixing 
ſome chemical liquors; and even on mixing ſalt and 
ſnow, where the compoſition iappears colder than the; 


coldeſt of the ingredients? I;have never ſeen the che- 


mĩcal mixtures made, but falt and owe have often 
mixed myſelf, and am fully ſatisſied that the compoſi- 


tion feels much colder to the touch, and lowers th 


mercury in the thermometer more than either ingre- 

dient would .do:Jeparately.: I ſuppoſe, -withh others, 
that cold is nothing more than the abſence of heat or 
fire.. Now if the quantity of fire before contained 0s 
diffuſed in the ſnom and, falt, was expelled in the 
uniting of the two matters, it muſt be driven away: 
either through the air or the veſſel containing them. 


If it is driven off thraugh the air. it muſt warm the; 


air; and E thermometer held. over the mixture, With 
out touching it, would diſcover.the heat, by the riſing 
of the mercury, as it an and Ae dees in, 
351! Doc 2 . 20d Jon % 
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air; and ſo one ſhould find the baſon warmer after 


cold. and even water in which the veſſel is ſometimes 
placed for the experiment, freezes into hard ice on thi 
I howto unt 

ba, Non or roonk >the hel th * 
better conductor of fire than the ants as an 
and hke the lock compared with the wood, has a 
ſtronger power of Jak fire, and does accordingly 
g. H A thexniorheter 

put into it, from — ba on that contains it, and from 
the water in contact with the outſide of the baſon ; ſo 
that the fingers have the 4 of extreme cold, by 
being deppivediofimughbf their natutab fixe; Hd ther- 
mometer ſinks, by having part of its fire drawn out of 
the mercury; the baſon grows colder to the tough, ag by 


haying its \fixe; draya inta the apixturecritas)bec 
mare; capable: of drawing and receiving it ro 
hand; and through the baſon, the water loſes its fire 
that kept it fluid; LA + becgmes ice: ne. would.cex- 
Pœct that from. all.  acqpikzion hxg-to 
the compoſitign,: it ſhould Detpme Warmer b and, in 
fee the now afid falt diſſoiwe at the ſame timer intg 
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Being one day in the country; at the” hguſs of oüt 


21 


common friend, the late Tried Mr Eofih Ahe thewed 
me « folio French book fed with ie c en ee 

if J forget not, by one M. Frenic HY TR © fad 
the author had diſcovered great iii Anil ide 


in the management of numbers; and though ſeveral 
other foreigners had diſtinguiſhed themſelves in the 
ſame; way, he did not recglic&. chat any one Engli/h- 
man had done any thing of the kind remarkable. 
Ii, it was, perhaps, a mark of the good ſenſe of 
our Englif6 mathematicians, that they would not wer 
eir 
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their time in things that were merely ils nuge; 
incapable of any uſeful application. He anſwered, 
that many of the arithmetical or mathematical queſ- 
tions, publicly propoſed and anſwered in England, were 
equally trifling and uſeleſs. Perhaps the conſidering 
and anſwering ſuch queſtions, I replied, may not be 
altogether uſeleſs, if it produces by practice an habi- 
tual readineſs and exactneſs in mathematical diſquiſi- 
tions, which readineſs may, on many occaſions, be of 
real uſe. In the ſame way, 'fays he, may the making 
of theſe ſquares be of uſe. I then confeſſed to him, 
that in my younger days, having once ſome leiſure, 
(Which I fill think I might have employed more uſe- 
fully) I had amuſed myſelf in making theſe kind of 
magic ſquares, and, at length, nad acquired ſuch a 
knack at it, that I could fill the cells of any magic 
ſquare of reaſonable ſize, with a ſeties of numbers as- 
faſt as I could write them, diſpoſed in ſuch a manner 
as that che ſums of every row, horizontal, 
lar, or diagonal, ſho ud be equal; but not being ſatil. 
fied with theſe, which I locked en as common and 
eaſy things, I had impoſed on myſelf more difficult 
talks, and ſucceeded in making other magic uares, 
with a variety of properties, and much more curious. 
He then ſhewed me ſeveral in the ſame book, of an 
uncommon and more curious kind; but as I thought. 
none of them equal to ſome I remembered to have 
2 he deſired me to let him ſee them; and aecord- 
ingly, the next time I viſited him, I carried him a 
— of 8, which. I found ad; mg et and 

w 


2 


ſcending to the 1 


$69 Lites \ad{ÞBaebfe - © 
which 1 ü 


nows give you; with: an account of. its 
properties. ¶ See late IV g 0. — 


Ahe properties are,, 2.12 7778 2017 10 nem 3s 
—_ That: every firait ro row (hoi al or eitel.) of & ö 
numbers edded togethier;:makes'260 Land: half each roy | 


balf., 00% 1 Go MG Me, EF NIE Ka: | 


. That the bentdrowedfo8: Asses Seetag and 


deſcending diagonally niz! from v6 afcending eto 10% 
and from ag deſeending to/a7: ;tandbevery:one of itt 


parallel bent rows of Aare ee the 


dent row from 52 deſceriding td e, and from 4g a. 
ending be 45 and gvery one oflits patallel bent Tou] 


of 8 numbers make 860. Aſo the bent row from 2 
to 43. deſeending ihe kt and-frpmr f. w 17, de- 


row from. 52 to g, deſcending to the richt, and fm 


10 to 16. deſeend irg to the leſt, and evety ont of its 
parallel bent . 


parallel bent rows nent to the above mentioned, which 


are ſhortened to:3 numbers aſcending, and 3 deſcending, 


Seen 3 40 g aſcendhng, and From 29. 5% 44 de. 


wich the. a corner numbers, 260 


Aae 


and 3a, 47; 


vier, geln x; 


0 this. magical - ſquate ſeems Perfect 
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„tand every one of its parallel“ | 
bent rows of 8 numbers; 'make-260.4-Alſo the bent 


umbers 14;:62-aſcending;-and-36y 19 de- 
ſcendingi wich. the lower 4 numbers ſituated like them, 
| deſoending. aſcending make 
Amond, thy, e cet nlambers;1 we the 5 
# middle numbery,. make 260, | ol og: ien of; chew | 
in ite kind. 


0 nk Ge . are 2 


1 << 
LATE IV. 


232 


249) 8 


40 


121 


26 


/ 


250 


231 


8119917 


230 


251 


3 


F | 


19711 


166; 


a 
& 


126 


254 


227 


is8 


131 


726 


2 


#30 


169 


7 |256 


160 


1.29 


128 


9/7 


On Philoſophical Subject. 361 


curious ones, which, at ſome other time, I will explain 
to you. 

Mr. Logan, then ſhewed me an old arithmetical-book, 
in quarto, wrote, I think, by one Srrfelivs, which 
contained a ſquare of 16, that he ſaid he ſtiould ima- 
gine muſt have been a work of great labour; but if I 
forget not, it had only the common properties of mak- 
ing the ſame ſum, vis, 2056, in every row, horizontal, 
vertical, and diagonal. Not willing to be out-done by 
Mr, Stifelius, even in the ſize of my: ſquare, I went 
home, and made, that evening, the following magical 
ſquare of 16, which, beſidet having all the properties 
of the foregoing ſquare of 8, f . it would make the 
2056 in all the ſame rows and diagonals, had this ad- 
ded, that à fqur-ſquare hale being cut in a piece of 
paper of ſuch a ſize as to take in and ſhew through it 
juſt 16 of the little ſquares, when laid on the greater 
ſquare, the ſum of the 16 numbers ſa appearing thro' 
the hole, wherever it was placed on the greater ſquare, / 
| ſhould Likewiſe make 2056. This I ſent to our friend 
the next morning, who, after ſome days, ſent it back 
in a letter with theſe words: I return ta thee thy 
aſtoniſhing or moſt ſtupendous piece of the magical 
« ſquare, in which but the compliment is too ex- 

travagant, and therefore, for his ſake, as well as my 
own, I ought not to repeat it. Nor is it neceſſary; 


for I malte no queſtion but you will readily allow! this 


_ ſquare; of 16 to bo the moſt magically magical of any | 
magic ſquare ever . by 885 magician. | (See * 


SS 1 did 


Plate.) 


/ / over, alE che properties of the ſquare of. 8 
/ fi e ity 1 will ſendeit; but at ©. £74 
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I did not, however, end with ſquares, bu 

alſo a magic circle, conſiſting of 8 concentris circles, 

and radial rows;"filled- with a leries of numbers from 

14 to 75 arſcluſive, t the numbers 
each eircle, or ach n. row, w, being added to the N 
central number 1. they make e 360, the N. 
/ ter of degrees in a.cirete;”and-this circ ö —— N 


# 
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Alſo half the numbers in any one of the concentric 
N taken either above or below the horizontal 
double line, with half the central number, make 180. 

And if any four adjoining numbers, ſtanding nearly 
in a ſquare, be taken from any part, and added with 
half the central number, they make 180. 
There are, moreover, included four other ſets of 
circular ſpaces, dxcentric ith reſpect to the firſt, each 
of theſe ſets containing five ſpaces. The centers of 
the circles that bound them, are at A, B, C, and D. 
Each ſet, for the more. eaſy; diſtinguiſhing them from 
the firſt, are drawn with a different coloured ink, red, 
blue, green, and yellow *. 

—Iheſe ſets e interſe& thoſe 
of the concentric, and each other; and yet the numbers 
contained in each of the twenty.excentric ſpaces, taken 
all around. make, with the central number, the ſame 
ſum as thoſe in each of the 8 concentric, viz. 360, The 
halves alſo of thoſe-drawn om the centers A and W 
taken above or. below the double horizontal line, and 


of thoſe drawn from the centers B and D, taken to the | 


right or left of the gl. 8 line, 05 Mid half the 


1 il number, make juſt 1 

5 t may be obſerved, that there is not one off the 
numbers but What belongs at leaſt to two of the dif- 
ferent, circular ſpaces ; ſome to. three, ſome to four, 
ſome t do five; a and yet they are all ſo placed; as never 
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to break the required number 360, in any of the 28 
circular ſpaces within the primitive circle. 97 0 

Theſe inter woven circles make ſo perplexed an ap- 

arance, that it is not eaſy for the eye to trace every 
circle of numbers one would examine, through all the 
mae of circles interſected by it; but if you fix one 
foot of the compaſſes in either of che centers, — ex- 
tend the other to any number in the circle you would 
examine belonging to that center, the moving foot 
will point the others out, by paſſing Wu whe 
the numbers of that cirele ſucceſſively; , 


Tom, G. a BF, 

15 E T T: * KR * 
45 7 the lame. 

Dear OY eren  Philadejphia PASS 2 py 17 FOO 


8 you have 1 my Ws papers on whirlwinds, Kc. 
A I now ſend you an account of one which T had 
far” an opportunity of ſeeing and Examining, my- 

Being in Maryland, riding with Col. To gta and 55 
other gentlemen, to his country ſcat” where I ahd my 
ſon were entertained by that amiable and worthy man 


with great mn _ dee, we ſaw in 2 
vale 
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vale below us, a ſmall whirlwind beginning in the 
road, and ſhewing itſelf by the duſt it raiſed and con- 
tained. It appeared in the forin of a ſugar-loaf, ſpin- 
ning on its point, moving up the hill towards us, and 
enlarging as it came forward. When it paſſed by us, 
its ſmaller part near the ground, appeared no bigger 
than a common barrel, but widening upwards, it 
ſeemed, at 40 or 50 feet high, to be 20 or 3o feet in 
diameter. The reſt of the company ſtood looking 
after it, but my curioſity being ſtronger, I followed 
it, riding cloſe by its fide, and obſerved its licking 
up, in its progreſs, all the duſt that was under its 
ſmaller part. As it is a common opinion that a 
ſhot, fired through a water-ſpout, will break it, I 
tried to break this little whirl-wind, by ſtriking my 
whip frequently through it, but without any effect. 
Soon after, it quitted the road and took into the woods, 
growing every moment larger and ſtronger, raiſing, 
inſtead of duſt, the old dry leaves with which the 
ground was thick covered, and making a great noiſe 
with them and the branches of the trees, bending 
ſome tall trees round in a circle ſwiftly and very 
furprizingly, though the progreſſive motion of the 
whirl: was not fo ſwift but that a man on foot 


might Have kept pace with it, but the circulat᷑ mo- 


tion was amazingly rapid. By the lenves it Was now 
filled with, I could plainly pereeive that the- current 
of air they were driven by, moved in 4 
fpiral hne; and when I ſaw the paſſing whirl” con- 
tinue entire, after leaving the trunks and 3 
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large trees which it had envoloped, I no longer won- 
dered that my whip had no effect on it in its fmaller 
ſtate. +I accompanied it about three quarters of a 
mile, till ſome limbs of dead trees, broken off by the 
whirl, flying about, and falling near me, made me 
more apprehenſive of danger; and then J ſtopped, 
looking at the top of it as it went on, which was 
viſible, by means of the leaves contained in it, for a 
very great height above the trees. Many of the leaves, 
as they got looſe from the upper and wideſt part, were 
ſcattered in the wind; but ſo great was their height 
in the air, that they appeared no bigger than flies. 
My ſon, who was, by this time, come up with me, 
followed the whirlwind till it left the woods, and 
croſſed an old tobacco- field, where, finding neither 
duſt nor leaves to take up, it gradually became invi- 
ſible below as it went away over that field. The 
courſe of the general wind then blowing was along 
with us as we trayelled, and the progreſſive motion of 
the whirlwind was in a direction nearly oppoſite, tho 
it did not keep a ſtrait line, nor was its progreſſive 
motion uniform, it making little ſallies on either hand 
as it went, proceeding ſometimes faſter, and ſometimes 
ſlower, and ſeeming ſometimes for a few ſeconds almoſt 
ſtationary, then ſtarting forwards pretty faſt again. 
When we rejoined the company, they were admiring 
the vaſt height of the leaves, now brought: by the 
common wind, over our heads. Theſe leaves aceom- 
panied us as we travelled, ſome falling now and then 
Wen about us, and ſome not — 
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till we had gone near three miles from the place where 
we firſt ſaw the whirlwind begin. Upon my- aſking 
Col. Taſter if ſuch whirlwinds were common in Mary- 
land, he anſwered pleaſantly, No, not at all common ; 
but we got this on purpoſe to treat Mr. Franklin. And a 
very __ treat 1t was, to 
Dear Sir, | 
Your alfectionate friend, 
And bumble ſervant, 
B. F. 


LE LN XR 


9002 


Joux PRINOGLE, M. D. and F. R. 8. 


SI R, : Craven-ſftreet, Dec. 21, 1757. 


N compliance with your requeſt, I ſend you the 

following account of what I can at preſent recol- 
lect relating to the effects of electricity in 85 Sd 
caſes, which have fallen under my obſervation.” * © 

Some years ſince, when the news- papers made men- 
tion of great cures performed in 1aly and Germany, by 
means of electricity, a number of paralytics were 
brought to me from different parts of Penhyluania, and 
the neighbouring provinces, to be electriſed, which I 
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did for them at- their requeſt, My method was, to 
place. the patient firſt in a chair, on an electric ſtool, 
and draw a number of large ſtrong ſparks from all 
parts of the affected limb or fide. Then I fully charged 
two ſix-gallon glaſs jars, each of which had about 
three ſquare feet of ſurface coated; and I ſent the 
united ſhock of theſe through the affected limb or 
limbs, repeating the ſtroke commonly three times each 
day. The firſt thing obſerved, was an immediate 
greater ſenſible warmth in the lame limbs that had re- 
ceived the ſtroke, than in the others; and the next 
morning the patients uſually related, that they had in 
the night felt a pricking ſenſation in the fleſh of the 
_ paralytic limbs; and would ſometimes ſhew a number 
of ſmall red ſpots; which they ſuppoſed were occa- 
ſioned by thoſe prickings. The limbs, too, were found 
more capable of voluntary motion, and ſeemed to re- 
ceive ſtrength. A man, for mſtance, who could not 
the firſt day lift the lame hand from off his knee, 
would the next day raiſe it four or five inches, the 
third day higher; and on the fifth day was able, but 
with a feeble languid motion, to take off his bat. 
Theſe appearances gave great ſpirits to the patients, and 
made them a perfect cure; but I do not remem- 
ber that 1 ever ſaw any amendment after the fifth 
day; which the patients perceiving, and finding the 
ſnocks pretty ſevere, they became diſcouraged, went 
home, and in a ſhort time relapſed; fo that I never 
knew. any advantage from electricity in palfics. that 
was ESRD! And how far the apparent tempo- 
_ . 
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rary advantage might ariſe from the exerciſe in the 
patients journey, and coming daily to my houſe, or 
from the ſpirits given by the hope of ſucceſs, enabling 
them to exert more ſtrength in moving their limbs, I 
will not pretend to ſay. 

Perhaps ſome permanent i might have been 
obtained, if the electric ſhocks had been accompanied 
with proper medicine and regimen, under the direc- 
tion of a ſkilful phyſician. It may be, too, that a 
few great ſtrokes, as given in my method, may not 
be ſo proper as many ſmall ones; ſince, by the account 
from Scotland, of a caſe, in which two hundred ſhocks 
from a phial were given daily, it ſeems, that a perfect 
cure has been made. As to any uncommon ftrength 
ſuppoſed to be in the machine uſed in that caſe, I 
imagine it could have no ſhare in the effect produced ; 
fince the ſtrength of the ſhock' from charged glaſs, is 
in proportion to the quantity of ſurface of the glaſs 
coated; ſo that my ſhocks from thoſe large jars, muſt 
have been much greater than any that could be re- 
W _ a phial held in _ RENE: 


| Gs am, with great reed, 
Bin. A 1s e 
I 14211418 1 B. F. 
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LETTER XXI. 


To the ſame. 


3 3 Crouen-ree, Jan. 6, 1758. 
Return ta Mr. Mitchell s paper on the ſtrata of the 

earth.“ with thanks. The reading of it, and pe- 
ruſal of the draft that accompanies it, have reconciled 
me to thoſe. convulſions. which. all naturaliſts agree this: 
globe has ſuffered, Had the different ſtrata of _ 
gravel, marble, coals, lime-ſtone, ſand, minerals, &c.. 
continued. to lie level, one under the other, as they 
may be ſuppoſed to have done before thoſe convulſions, 

we mould have had, the uſe only of a few of the up- 
permoſt of the ſtrata, the others lying too deep and 
too difficult to be come at; but the: ſhell of the earths 
being broke, and the, fragments thrown into this 
oblag ue poſition, the disjointed ends of a great num 
ber of ſtrata of different, kinds are brought up to-day, 
and a great variety of uſeful materials put into our 
power, which would otherwiſe have remained eternally 
concealed from us. So; that what has been uſually 
looked upon as a ruin. ſuffered by this part of the uni- 
verſe, was, in reality, only a preparation, or means. 
of 'rendering the earth more fit for uſe, more capable 
of being to mankind a convenient and comfortable 
habitation. 


Jam, Sir, with great efleem, yours, &c. B. F. 
See this: paper afterwards printed in the Philoſophical Tranſactions. 
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LETTER XXXII. 


To Dr. L. of Charls-Town, South-C, ue 


Dear Sir, London, June 17, 1758. 
N a former letter I mentioned the experiment for 
cooling bodies by evaporation, and that I had, by 
repeatedly wetting the thermometer with common 
fpirits, brought the mercury down five or fix degrees, 
Being lately at Cambridge, and mentioning this in con- 
verſation with Dr. Hadley, profeſſor of chemiſtry there, 
he propoſed repeating the experiments with ether in- 
ſtead of common ſpirits, as the ether is much quicker 
in evaporation. ' We accordingly went to his chamber, 
where he had both ether and a thermometer. By dip- * 
pang firſt the ball of the thermometer into the ether, 
it appeared that the ether was preciſely of the ſame . 
temperament with the thermometer, which ſtood then 
at 65; for it made no alteration in the height of the 
little column of mercury. But when the thermometer 
was taken out of the ether, and the ether with which 
the ball was wet, began to evaporate, the mercury 
ſunk ſeveral degrees. The wetting was then repeated 
by a feather that had been dipped into the ether, when 
the mercury ſunk ſtill lower. We continued this ope- 
ration, one of us wetting the ball, and another of the 
company blowing on it with the bellows, to quicken 
B b b 2 the 
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the evaporation, the mercury ſinking all the time, till 
it came down to 7, which is 25 degrees below the freez- 
ing point, when we left off.---Soon after it paſſed the 
freezing point, a thin coat of ice began to cover the 
ball. Whether this was water collected and condenſed 
by the coldneſs of the ball, from the moiſture in the 
air, or from our breath ; or whether the feather, when 
dipped into the ether, might not ſometimes go thro' 
it, and bring up ſome of the water that was under it, 
I am not certain ; perhaps all might contribute. The 
ice continued increaſing till we ended the experiment, 
when it appeared near a quarter of an inch thick all 
over the ball, with a number of ſmall ſpicula, point- 
ing outwards. From this experiment one may ſee the 
poſſibility of freezing a man to death on a warm ſum- 
mer's day, if he were to ſtand in a paſſage through 
which the wind blew briſkly, and to be wet frequently 
with ether, a ſpirit that is more inflammable than 
brandy, or common ſpirits of wine. 

It is but within theſe few years, that the European 
philoſophers ſeem to have known this power in na- 
ture, of cooling bodies by evaporation, But in the 
eaſt they have long been acquainted with it. A friend 
tells me, there is a paſſage in Bernier's travels through 
Indoſtan, written near one hundred years ago, that 
mentions it as a practice (in travelling over dry deſarts 
in that hot climate) to carry water in flaſks wrapt in 
wet woollen cloths, and hung on the ſhady fide of 
the camel, or carriage, but in the free air; whereby, 

as the cloths gradually grow dryer, the water con- 
X tained 
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tained in the flaſks is made cool. They have likewiſe. 
a kind of earthen pots, unglazed, which let the water 
gradually and ſlowly ooze through their pores, ſo as 
to keep the outſide a little wet, notwithſtanding the 
continual evaporation, which gives great coldneſs to. 
the veſſel, and the water contained in it. Even our 
common ſailors ſeem to have had ſome notion of this 
property ;. for I remember, that being at ſea when I 
was a youth, I obſerved one of the ſailors, during a 
calm in the night, often wetting his finger in his 
mouth, and then holding. it up in the air, to diſcover, 
as he ſaid, if the air had any motion, and from which 
fide it came; and this. he expected to do, by finding, 
one ſide of his finger grow ſuddenly cold, and from 
that fide he ſhould look for the next wind; which I 
then laughed: at as a fancy.. 

May not ſeveral phænomena, hitherto unconſidered, 
or unaccounted for, be explained by this property? 
During the hot Sunday at Philadelphia, in June 1750, 
when the thermometer was up at 100 in the ſhade, I 
ſat in my chamber without exerciſe, only reading or 
writing, with no. other cloaths on than a ſhirt, and a 
pair of long linen drawers, the windows. all open, and. 
a briſk wind blowing through the houſe ; the ſweat 
ran off the backs of my. hands, and. my ſhirt was often 
ſo wet, as to induce me to call for dry ones to put 
on; in this ſituation, one might have expected, that 
the natural heat of the body 96, added to the heat of 
the air 100, ſhould jointly have created or produced a 
much greater degree of heat 1 in the body; but the fact 

was, 
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was, that my body never grew ſo hot as the air that 
ſurrounded it, or the inanimate bodies immerſed in the 
fame air. For I remember well, that the deſk, when 
J laid my arm upon it; a chair, when I fat down in 
it; and a dry ſhirt out of the drawer, when I put it 
on, all felt exceeding warm to me, as if they had 
been warmed before a fire. And I ſuppoſe a dead 

would have acquired the temperature of the air, 
though a living one, by continual fweating, and by 
the evaporation of that ſweat, was kept cold.---May 
not this be a reaſon why our reapers in Penhlvania, 
working in the open field, in the clear hot ſun-ſhine, 
common in our harveſt-time , find themielves well 
able to go through that labour, "without being much 
incommoded by the heat, while they continue to fweat, 
and while they ſupply matter for keeping up that 
ſweat, by drinking frequently of a thin evaporable 
liquor, water mixed with rum; but if the ſweat ſtops 
they drop, and ſometimes die ſuddenly, if a ſweating 
is not again brought on by drinking that liquor, or, 
as ſome rather chuſe in that cafe, a kind of hot punch 
made with water, mixed with honey, and a conſider- 
able portion of vinegar ?---May there not be in ne- 
groes'a quicker evaporation of the perſpirable matter 
from their ſkins and lungs, which, by cooling them 
more, enables them to bear the ſun's heat better than 
ber do? a= that 3 14 fact, as it is ſaid to . ide 


Tx 41 = 7 


* Nee 1 abo "kt and ne n about 12 de 
theend — beyinaing: hotter than in Z Their harveſt ig abou 
1 or beginning of 2 when the ſun is nearly at the _— 
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the alledged neceffity of having negroes rather than 
whites, to work in the Weft-India fields, is founded 
upon it) though the colour of their ſkins would 
otherwiſe make them more ſenſible of the ſun's heat, 
ſince black cloth heats much ſooner, and more, in the 
ſun, than white cloth. I am perfuaded, from ſeveral 
inſtances happening within my knowledge, that they 
do not bear cold weather fo well as the whites. they 
will periſh when expoſed to a leſs degree of it, and arc 
more apt to have their limbs froſt- bitten; and may 
not this be from the ſame cauſe? Would not the earth 
grow: much hotter under the ſummer ſun, if à con- 
ſtant evaporation from its ſurface; greater as tlie fan 
ſhines ſtronger, did not, by tending to cool it, balance; 
in ſome degree, the warmer effects of the ſun's rays? 
Ils it nat owing to the conſtant evaporation? from the 
ſurface of every leaf, that trees, though ſnione on by 
the ſun, are always, even the leaves themſetves, cool 
to our ſenſe ? at leaſt much cooler than they would. 
otherwiſe be ?---May. it not be owing to this, that fan- 
ning ourſelves when warm, does really cool us, though 
the air is itſelf warm that we drive with the fan upon 
our faces; for the atmoſphere round, and next to our 
bodies, having imbibed as much of the perſpired va- 


pour as it can well contain, receives no more, and the 


evaporation is therefore checked and retarded, till we 
drive away that atmoſphere, and bring dryer air in its 
place, that will receive the vapour, and thereby faci- 
litate and increaſe the evaporation? Certain it is, that 
more blowing of air on. a dry body does not cool it, as 
any 
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any one may ſatisfy himſelf by blowing with a bellows' 
on the dry ball of a thermometer; the mercury will 
not fall; if it moves at all, it rather riſes, as being 
warmed by the friction of the air on its ſurface. 
To theſe queries of imagination, I will only add one 
practical obſervation; that wherever it is thought pro- 
per to give eaſe, in caſes of painful inflammation in 
the fleſh, (as from burnings, or the like) by cooling 
the part; linen cloths, wet with ſpirit, and applied to 
the part inflamed, will produce the coolneſs required, 
better than if wet with water, and will continue it 
longer. For water, though cold when firſt applied, 
will ſoon acquire warmth from the fleſh, as it does 
not evaporate faſt enough; but the cloths wet with 
ſpirit will continue cold as long as any ſpirit is left to 
keep up the evaporation, the parts warmed eſcaping 
as ſoon as they are warmed, and e off the heat 
with them. 
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LETTER XXXIII. 


To 


J. B. Eſq; @ Boſton, in New-England. 


h Sas London, Dec. 2, 1758. 


1 HAVE executed here an eaſy ſimple contrivance, 
1 that I have long ſince had in ſpeculation, for keep- 
ing rooms warmer in cold weather than they generally 
are, and with leſs fire. It is this. The opening of 
the chimney is contracted, by brick-work faced with 
marble flabs, to about two feet between the jambs, 
and the breaſt brought down to within about three 
feet of the hearth.---An iron frame is placed juſt 
under the breaſt, and extending quite to the back of 
the chimney, ſo that a plate' of the ſame metal may 
ſlide horizontally backwards and forwards in the 
grooves on each fide of the frame. This plate is juft 
ſo large as to fill the whole ſpace, and ſhut the chim- 
ney entirely when thruſt quite in, which is convenient 
* when there is no fire. Drawing it out ſo as to leave 
a ſpace between its farther edge and the back, of 
about two inches, this ſpace is ſufficient for the 
ſmoke to paſs ; and fo large a part of the funnel being 
ſtopt by the reſt of the plate, the paſſage of warm air 
out of the room up the chimney, is obſtrudted and re- 

eis | tarded, 
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| tarded, and by that means much cold air is prevented 
from coming in through crevices, to ſupply its place. 
This effect is made manifeſt three ways. Firſt, when 
the fire burns briſkly in cold weather, the howling or 
whiſtling noiſe made by the wind, as it enters the . 
room through the crevices, when the chimney is open 
as uſual, . ceaſes as ſoon as the plate is lid in to its 
proper diſtance. Secondly, opening the door of the 
room about half an inch, and holding your hand 
againſt the opening, near the top of the door, you 
feel the cold air coming in againſt your hand, but 
weakly, if the plate be in. Let another perſon ſud- 
* denly draw it out, ſo as to let the air of the room go 
up the chimney, with its uſual freedom where chim- 
neys are open, and you immediately feel the cold air 
ruſhing in ſtrongly. Thirdly, if. ſomething be ſet 
againſt the door, juſt ſufficient, when the plate is in, 
to keep the door nearly ſhut, by reſiſting the preſſure 
of the air that would force it open: Then, when the 
Plate is drawn out, the door will be forced open by 
the encreaſed preſſure of the outward: cold air, endea- 
vouring to get in to ſupply the place of the warm 
air, that now paſſes out of the room to go up the 
chimney. In our common open chimneys, half the 
fuel is waſted, and its effect loſt, the air it has warmed 
being immediately drawn off. Several of my acquaint- 
ance having ſeen this ſimple machine in my room, 
have imitated it at their own houſes, and it ſeems 
likely to become pretty common. I deſcribe it thus 
particularly to you, becauſe I think it would be uſeful 
mim Boſton, where firing is often dear, 
Mentioning 


— 
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Mentioning chimneys, puts me in mind of a pro- 
perty I formerly had occafion to obſerve in them, 
which I have not found taken notice of by others; it 
is, that in the ſummer time, when no fire is made in 
the chimneys, there is, nevertheleſs, a regular draft of 
air through them; continually paſſing upwards, from 
about five or fix o'clock in the afternoon, till eight or 
nine o'clock the next morning, when the current be- 
gins to ſlacken and heſitate a little, for about half an 
hour, and then ſets as ſtrongly down again, which it 
continues to do till towards five in the afternoon, then 
ſlackens and heſitates as before, going ſometimes a 
little up, and then a little down, till in about half an 
hour it gets into a ſteady upward current for | the 
night, which continues till eight or nine the next day; 
the hours varying a little as the days lengthen and 
ſhorten, and ſometimes varying from ſudden changes 
in the weather; as if, after being long warm, it. 
ſnould begin to grow cool about noon, while the air 
was coming down the chimney, the current will then 
change earlier than the uſual hour, &c. 

This property in chimneys I imagine we might turn 
to ſome account, and render 1 improper, for the future, 
the old ſaying, as uſeleſs as @ chimney in ſummer, If the. 
opening of the chimney, from the breaſt down to the 

- hearth, be cloſed by a ſlight moveable frame, or two 
in the manner of doors, covered with canvas, that will 
let the air through, but keep out the flies; and ano- 
ther little frame ſet within upon the hearth, with 
hooks on which to hang joints of meat, fowls, &c. 

Ceca : wrapt 
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wrapt well in wet linen cloths, three or four fold, I 
am confident that if the linen is kept wet, by ſprink- 
ling it once a day, the meat would be ſo cooled by 
the evaporation, carried on continually by means of 
the paffing air, that it would keep. a week or more 
in the hotteſt weather. Butter and milk might like- 
wiſe be kept cool, in veſſels or bottles covered. with 
wet cloths. A ſhallow tray, or keeler, mould be un- 
der the frame to receive any water that might drop 
from the wetted cloths. I think, too, that'this pro- 
perty of chimneys might, by means of n= nr 
vanes, be applied to ſome mechanical purpoſes, 
a mall but pretty conftatit power vtity is wanted. 
If you would have my opinion of the cauſe of this. 

changing current of air in chimneys, it is, in Mort, 
as follows. In ſummer time there is generally a great 
difference in the warmth of the air at mid-day and 
midnight, and, of courfe, a difference of ſpecific gra- 
vity in the air, as the more it is warmed the more it 
is rarefred. The funnel of a chimney being for the 
moſt part ſurrounded by the houſe, is pretected, in a 
great meaſure, from the direct action of the ſun's 
rays, and alfo from the coldnefs of tlie might air. It 
thence preſerves a middle temperature between the heat 
of the day, and the coldneſs of the night. Tkis mid- 
dle temperature it communicates to the air contained 

mit. If the Rate of the outwurd air be cooler than 
that in the Fennel of the chimmey, it will, dy being 
heavier, force it to riſe and go out at the top. What. 
ſupplies its place kom below, being warmed, in its 
turn, 
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turn, by the warmer funnel, is likewiſe forced up by 
the colder and weightier air below, and ſo the current 
is continued till the next day, when the ſun gradually 
changes the ſtate of the outward air, makes it firſt as 
warm as the funnel of the chimney can make it, (when 
the current begins to heſitate) and afterwards warmer. 
Then the funnel being cooler than the air that comes 
into it, cools that air, makes it heavier than the out- 
ward air; of courſe it deſcends; and what ſucceeds it 
from above, being cooled in its turn, the deſcending 
current continues tall towards evening, when it again 
hefitates and changes its courſe, from the change of 
warmth in the outward air, and the nearly remaining 
fame middle temperature in the funnel. | 

Upon this principle, if a houſe: were built, behind 
- Beaconhl, an adit carried from one of the doors into 

the hill horizontally; till it met with a: | 
ſhaft ſank from its top, it ſeems -probable' to me, that 
thoſe who. lived in the houſe, would conſtantly, in the 
heat even of the calmeſt day, have as much cool air 
paſſing through the houſe, as they ſhould chuſe ; and 
the ſame, though ' reverſed in its current, during the 
ſtilleſt night. 

I think, too, this property micht be made of uſe to 
miners ;. as where ſeveral ſhafts or pits. are ſunk per- 
pendicularly into the earth, communicating at bottom. 
by horizontal paſſages, which is a common caſe, if a 

chimney of thirty or forty feet high were built over 
one of the ſhafts, or ſo near the ſhaft, that the chim- 
ney. might communicate with the top of the ſhaft, all. 
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air being excluded but what ſhould paſs up or down 
by the ſhaft, a conſtant change of air would, by this 
means, be produced in the paſſages below, tending to 
ſecure the workmen from thoſe. damps which ſo fre- 
quently mcommode them. For the freſh air would be 
almoſt always going down the open ſhaft, to go up 
the chimney, or down the chimney to go up the ſhaft. 
Let me add one obſervation more, which is, That if 
that part of the furinel- of a chimney, which appears 
above the roof of a houſe, be pretty long, and have 
three of its ſides expoſed to the heat of the ſun ſuc- 
ceſſively, vig. when he is in the eaſt, in the ſouth, 
and in the weſt ; while the north ſide is ſheltered by 
the building from the cool northerly winds. Such a 
chimney will often be ſo heated by the ſun, as to con- 
tinue the draft ſtrongly upwards, through the whole 
twenty-four hours, and often for many days together. 
If the outſide of ſuch a chimney be painted black, the 
effect will be ſtill greater, and the current ſtronger. 


: F Lam, dear Sir, yours, &c. | B. F. 
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LETTER XIV. 


8 To Dr. H. at London. 


SIX, | Craven-ſtreet, June 7, 1759. 


NOW return the ſmalleſt of your two Tourmalins, 

with hearty thanks for your kind preſent of the 
other, which, though I value highly for its rare and 
wonderful properties, I ſhall ever eſteem it more for 
the friendſhip I am honoured with by the giver. 

I hear that the negative electricity of one fide of the: 
Tourmalin, when heated, is abſolutely denied, (and all 
that has been related of it, aſcribed to prejudice in fa-- 
vour of a ſyſtem) by ſome ingenious gentlemen abroad, 
who profeſs to have made the experiments on the ſtone 
with care and exactneſs. The experiments have ſuc- 
ceeded differently with me; yet I would not call the 
accuracy of thoſe gentlemen in queſtion. Poſſibly the 
Tourmalins they have tried were not properly. cut; fo 
that the politive and negative powers were obliquely | 
placed; or in ſome manner whereby their effects were 
confuſed, or the negative part more eaſily ſupplied by 
the. poſitive. Perhaps-the lapidaries who have hitherto 
cut theſe ſtones, had no regard to the ſituation of the 
two powers, but choſe to make the faces of the ſtone 
where. they could obtain the greateſt breadth, or ſome 
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other advantage in the form. If any of theſe ſtones, 
in their natural ſtate, can be procured here, I think it 
would be right to endeavour finding, before they are 
cut, the two fides that contain the oppolite powers, 
and make the faces there. Poſſibly, in that caſe, the 
effects might be ſtronger, and more diſtinct; for 
though both theſe ſtones that I have examined have 
evidently the two properties, yet, without the full 
heat given by boiling water, they are ſomewhat con- 
fuſed ; the virtue ſeems ſtrongeſt towards one end of 
the "i ; and in the middle, or near the other end, 
fearce diſcernible ; and the negative, I think, always 
weaker than the poſitive, 

I have had the large one new cut, ſo as to make 
both ſides alike, and find the change of form bas 
made no change of power, but the properties of each 
ſide remain the ſame as I found them before. It is 
now fet in a ring in ſuch a manner as to turn on an 
axis, that L may conveniently, in making experiments, 
come at both ſides of the ſtone. The little rim of 
gold it is ſet in, has made no alteration in its effects. 
The warmth of my finger, when I wear it, is ſuffi- 
cient to give it ſome degree of electricity, fo that it is 
always ready to attract light bodies, 
The following experiments have ſatisfied me that 
M. Apinus's account of the poſitive and negative ſtates 
of the oppoſite fides of the heated Tourmalin, is me 
founded. 
I heated the large ſtone in boiling water. 
As ſoon as it was dry, I brought it near. a very 

ſmall cork ball, that was ſuſpended by a ſilk thread. 

| The 
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The ball was attracted by one face of the ſtone, 
which I call A, and then repelled. | 

The ball in that ſtate was alſo repelled by the po- 
ſitively charged wire of a phial, and attracted by the 
other ſide of the ſtone, B. 

The ſtone being a-freſh heated, and the fide B 
brought near the ball, it was at firſt attracted, and 
preſently after repelled by that fide. 

In this ſecond ſtate it was repelled by the negative] y 
charged wire of a phial. 

Therefore, if the principles now generally received, 
relating to poſitive and negative electricity, are true, 
the ſide A of the large ſtone, when the ſtone is heated 
in water, is in a poſitive ſtate of electricity; ; and the 
ſide B, in a negative ſtate. a 

The fame experiments being made with the ſmall 
ſtone ſtuck by one' edge on the end of a ſmall glaſs 
tube, with ſealing-wax, the ſame effects are produced. 
The flat fide of the ſmall ſtone gives the ſigns of po- 
ſitive electricity; the high ſide gives the ſigns of nega- 
tive electricity. 

| , Again; 

1 ſuſpended the ſmall ſtone by a filk thread. 

I heated it as it hung, in boiling water. 

I heated the large one in boiling water. 

Then I brought the large ſtone near to the ſuſ pended 
ſmall one. 

Which immediately turned its flat fide to the ſide B 
of the large ſtone, and would cling to it. 


I turned the ring, ſo as to preſent the fide A of the 


large ſtone, to the flat fide of the ſmall one, 
D dd The 
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The fat de was rep lied, and, the: ſmall ſtone, turn- 
ing quick, applied ts; M8: ils 5b che Ade. A; of the 
wy Ho Mfortoyy 5367} Jed n lad 901 

his was, preciſely what ought to. Happens on the 
ſuppoſition that the flat ſide, of, the ſmall one, when 
heated in water, is poſitive, and the. high ſide negative; 
the ſide A of, the large Hans, poſitive; and. he, hes: B 
negative. n 

The. effect was apparently the. fame. 46 woulh have 
been produced, if one magnet had been, ſuſpended by 
a; ur and the Ager Þgles off ANPUIEG; * 

ternately near it. 61 

1 find; that, the; fast, A, of the, lange Bang)! being 
coated. with, leaf-gold, (attached; by; the white of an 
egg which will bear dipping in hot water) becomes 
quicker and, ſtronger, in its. effect on the corkebally re- 
pelling. it the inſtant. it comes; ins contacts, which. I 
uppoſe to. be occaſioned: by the united: foro of -dif- 
ferent, parts, of: the, 88 ealleton and RON . 
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LETTER XXXV. 


To Mr. P. F. in e 


£32... 3 London, May-7, 1760. 


$#%#*#% Tt Has, indeed, as you obſerve, been the 
opinion of ſome very great naturaliſts, that the ſea 18 
ſalt only from the diſſolution of mineral or rock ſalt, 


which its waters Happened to meet with. But this 


opinion takes it for ranted that all Water Was ori- 
inally fteſh, of Which we can habe no pföof. I on 
ain incinedd to a different opinion, and rather think 


all tlie water on this globe was oHftnally falt, and that 


the freſh water we find in ſpripgs and rivers, is the 
produce of diſtillation. The fuff raiſes the vapours 
from the ſea; which form clouds, and fall in rain 
upon the land, and ſprings ana rivets are formed of 
that rain. As to ths 

conceive, that inſtead of communicating its ſaltneſs to 
the ſea, it is itſelf drawn from the ſea, and that of 
coutſe the ſea is now freſher than it was originally. 
This is only another effect of nature's diſtillery, and 
might be performed various ways. 

It is evident from the quantities of ſea- ſhells, and 
the bones and teeth of fiſnes found in high lands, that 
the ſea has formerly covered them. Then, either the 

D d d 2 ſea 


e rock-falt found in mines, 1 


| 
| 
| 
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| ſea has been higher than it now is, and has fallen 
away from thoſe high lands; or they have been lower 
than they are, and were lifted up out of the water to 
their preſent height, by ſome internal mighty farce, 
ſuch as we ſtill feel ſome remains of, when whole 
continents are moved by earthquakes. In either caſe 
it may be ſuppoſed that large hollows, or valleys 
among hills, might be left filled with ſea-water, which 
evaporating, and the fluid part drying away in a courſe 
of years, would leave the falt covering the bottom ; 
and that ſalt coming. afterwards to be covered with 
earth, from the neighbouring hills, could only be 
found by digging through that earth. Or, as we know 
from their effects, that there are deep fiery caverns 
under the earth, and , even under the ſea, if at any 
time the ſea leaks into any of them, the fluid parts of 
the water muſt evaporate from that heat, and paſs on 
through ſome volcano, while the ſalt remains, and by 
degrees, and continual accretion, becomes a great maſs. 
Thus the cavern may at length be filled, and the vol- 
cano connected with 1t ceaſe burning, as many it is 
ſaid have done; and future miners penetrating ſuch 
cavern, find what we call a ſalt mine. --- This is a a 
fancy I had on viſiting the falt-mines at Northwich, 
with my ſon. I ſend you a piece of the rock-falt which 
he brought up with him out of the mine. = 


J am, Sir, &c. 77 26 F. 
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LETTER XXXVI 


To Mr. ALEXANDER SMALL, London. 


Dear Sir, May 12, 1760. 
Greeable to your requeſt, I ſend you my reaſons 
for thinking that our North-Eaſt ſtorms in 
Nerth- America begin firſt, in point of time, in the 
South-Weſt parts: That is to ſay, the air in Georgia, 
the fartheſt of our colonies to the South-Weſt, begins 
to move South-Weſterly before the air of Caralina, 
which is the next colony North-Eaſtward; the air of 
Carolina has the ſame motion before the air of Virginia, 
which lies ſtill more North-Eaſtward; and ſo on 
North-Eaſterly through Penhylvania, New-York, New- 
England, &c. quite to Newfoundland. 

Theſe North-Eaſt ſtorms are generally very violent, 
continue ſometimes two or three days, and often do 
conſiderable damage in the harbours along the coaſt. 
They are attended with thick clouds and rain. 

What firſt gave me this 1dea, was the following cir- 
cumſtance. About twenty years ago, a few more or 
leſs, I cannot from my memory be certain, we were 
to have an eclipſe of the moon at Philadelphia, on a 
Friday evening, about nine o'clock. I intended to ob- 
ferve it, but was prevented by a North-Eaſt ftorm, 

which 
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which came on about ſeven, with thick clouds as 
uſual, that quite obſcured the whole hemiſphere. Vet 
when the poſt brought us the Boſſon news-paper, giving 
an 0 of the effects of the ſame ſtorm in; thoſe 

parts, found the beginning of the eclipſe had been 

well obſerved there, though Boſton lies N. E. of Phila- 
delphia about 400 miles. This puzzled: me, becauſe 
the ſtorm began with us ſo ſoon as to prevent any ob- 
ſervation, . and being a N. E. ſtorm, I imagined it 
muſt have begun rather ſooner in places farther do the 
North-Eaſtward than it did at Philadelphia. +I therefore 
mentioned it in a letter to my brother, who lived at 
Boſton ; and he informed me the ſtorm did not begin 
with them till near eleven o' clock, ſq; that they had a 
good obſervation of the eclipſe: And upon comparing 
all the other accounts I received from the ſeveral co- 
lonies, of the time of beginning of the ſame ſtorm, 
and ſince that of other ſtorms of the fame kind, I 
found the. beginning to be always later the farther 
North-Eaſtward. I have not my notes with me here 
in England, and cannot, from memory, ſay the pro- 
portion of time to diſtance, but I think it is about an 
hour to every hundred miles. no 
From thence I formed an idea of the cauſe of theſe 
ſtorms, which I would explain by a familiar inſtance 
or two. -Suppoſe a long canal of water ſtopped at the 
end by a gate. The water is quite at reſt till the gate 
is open, then it begins to move out through the gate; 
the water next the gate is firſt in motion, and moves 
towards the gate; the water next to that firſt water 
"pl | F moves 
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moves next, and ſo on ſucceſſively, till the water at 
the head of the canal is in motion, which is laſt of 
all. In this caſe all the water moves indeed towards 


drr Hut thgTucceſlive times of beginninggmotzon 
are the contrary way, ©iz. from the gate backwards 


to the head of the canal. Again, ſuppbſe the air in 


a chamber at reſt, no current through the room till 
vou make à fire in the chimney. Immediately the. air 
in the chimney being rarefied by the fire, riſes; 2 


ain next the chimney- flo s. in to fapply i 
moving. towards the chimney; and * Gasen 
tha reſt off the air fucceſſively, quite back tothe _ 
Thus to. produce ou, North. Eaſt Forms, I ſippoſ 
ſome great heat and rarefactien of tlie air In een 
the Gulph of ,,]; tlie air "thence riſing, 
- place. fupplijed- by [ds nent more-ndtthern, . — l 
therefore denſer and heaider; air; that, Frey) in mo- 
tion, is followed by the-next more forthieri” 25 Er. 
Sc. in a ſucceſſive current to which cu tent. our 
coaſt and inlandi ridge of mounkaltrs give the direction 
of North-Baſt, as they-lie N F. and 8 n 
This Poffer onhpas an hyp otheſis to account for this 
particular baer dad perde on farthur examination, 
a better and trueb may he found. do not füppaſe 
all ſtorms generated in the ſume manner. Our N rth- 
Weſt thunder- guſts in erred, I know art not; but 
oflithem TE have written 170 on es oh in a Paper 
whith LN have ſeen.” | 
145 Se. 2 + A 8. F 
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LETTER XXXVIL 


From Mr. KinwensLey. 


8 17 k. 8111 Philadelphia, Marc 12, br 


TAVIN 0 lately made the following experiments. 
1 very chearfully communicate them, in hopes 
of giving you, ſome. degree of pleaſure, and exciting 
you to, further explore your favourite, but not * 
exhauſted ſubject, ELECTRICITY. - 32312, 2000! * 
I placed myſelf on an electric ſtand; and, being well 
electriſed, threw my hat to an unelectriſed perſon, at a 
conſiderable diſtance, on another ſtand, and found that 
the hat carried ſome of the elect ricity with it; for, 
upon going immediately to the perſon who received it, 
and holding a flaxen thread near him, I E he 
was electriſed ſufficiently to attract the thread. 
_..-4 then ſuſpended, by ſilk, a broad plate of al, 
and electriſed ſome boiling water under it, at about 
four feet diſtance, expecting that the vapour, which 
aſcended plentifully to the plate, would, upon the 
principle of the foregoing experiment, carry up ſome 
of the electricity with it; but was at length fully 
convinced, by ſeveral repeated trials, that it left all its 
ſhare thereof behind. This I know not how to ac- 
count for ; but does it not ſeem to corroborate your 
hypotheſis, 
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hypotheſis. That the vapours of which the clouds are 
formed, leave their ſhare of electricity behind, in the 
common ſtock, and aſcend in the negative ſtate ? 

I put boiling water into a coated Florence flaſk, and 
found that the heat ſo enlarged the pores of the glaſs 
that it could not be charged. The electricity paſſed 
through as readily, to all appearance, as through metal ; 
the charge of a three-pint bottle went freely through, 
without injuringthe flaſk in the leaſt. When it became 
almoſt cold I could charge it as uſual. Would not this 
experiment convince the Abbe Nollet of his egregious 
miſtake ? For while the electricity went fauly through 
the glaſs, as he contends 1t always does, the glaſs could 
not be charged at all. 

I took a ſlender piece of cedar, about eighteen ages 
long, fixed a braſs cap in the middle, thruſt a pin ho- 
rizontally, and at right angles, through each end, (the 
points in contrary directions) and hung it, nicely bal- 
lanced, like the needle of a compaſs, on a pin, about 
ſix inches long, fixed in the center of an electric ſtand. 
Then, electriſing the ſtand, I had the pleaſure of ſeeing 
what I expected; the wooden needle turned round, 
carrying the pins with their heads foremoſt. 1 then 
electriſed the ſtand negatively, expecting the needle to 
. turn the contrary way, but was extremely diſappointed, 
for it went ſtill the ſame way as before. When the 
ſtand was electriſed poſitively, I ſuppoſe that the na- 
tural quantity of electricity in the air being increaſed 
on one fide, by what iſſued from the points, the needle 
was attracted by the leſſer quantity on the other ſide 

Eee When' 
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When electriſed negatively, I ſuppoſe that the natural 
quantity of electricity in the air was diminiſhed near 
the points; in conſequence whereof, the equilibrium 
being deſtroyed, the needle was attracted by the greater 
quantity on the oppoſite ſide. 
The doctrine of repulſion, in electriſed bodies, I 
begin to be ſomewhat doubtful of. I think all the 
phenomena on which it is founded, may be well e- 
nough accounted for without it. Will not cork balls, 
electriſed negatively, ſeparate as far as when electriſed 
poſitively? And may not their ſeparation in both caſes 
be accounted for upon the ſame principle, namely, the 
mutual attraction of the natural quantity in the air, 
and that which is denſer or rarer in the cork-balls? it 
being one of the eſtabliſhed laws of this fluid, that 
quantities of different denſities ſhall mutually attract 
each other, in order to reſtore the equilibrium. | 
I can ſee no reaſon to conclude that the air has not 
its ſhare of the common ſtock of electricity, as well 
as glaſs, and, perhaps, all other electrics per ſe. For 
though the air will admit bodies to be electriſed in it 
either poſitively or negatively, and will not _— 
carry off. the redundancy in the one caſe, or fupply the 
_ deficiency in the other, yet let a perſon in the nega- 
tive ſtate, out of doors in the dark, when the air is 
dry, hold, with his arm extended, a long ſharp needle, 
pointing upwards, and he will ſoon be convinced that 
electricity may be drawn out of the air; not very 
plentifully, for, being a bad conductor, it ſeems loth 
to mw. with it, but yet ſome will evidently be col- 
lected. 


* 


/ 
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lected. The air near the perſon's body having leſs 
than its natural quantity will have none to ſpare ; 
but, his arm being extended, as above, ſome will be 
collected from the remoter air, and will appear lumi- 
nous, as it converges to the point of the needle. 

Let a perſon electriſed negatively preſent the point 
of a needle, horizontally, to a cork ball, ſuſpended by 
filk, and the ball will be attracted towards the point, 
till it has parted with ſo much of its natural quantity 
of electricity as to be in the negative ſtate in the ſame 
degree with the perſon who holds the needle ; then it 
will recede from the point, being, as I ſuppoſe, at- 
tracted the contrary way by the electricity of greater 
denſity in the air behind it. But, as this opinion ſeems 
to deviate from electrical orthodoxy, I ſhould be glad 
to ſee theſe. phænomena better accounted for by your 
ſuperior and more penetrating genius, 

Whether the electricity in the air, in clear dry wea- 
ther, be of the ſame denſity at the height of two or 
three hundred yards, as near the ſurface of the earth, 
may be ſatisfactorily determined by your old experi- 
ment of the kite. The twine ſhould have, throughout, 
a very ſmall wire in it, and the ends of the wire, 
where the ſeveral lengths are united, ought to be tied 
don with a waxed thread, to prevent their acting in 
the manner of points. I have tried the experiment 
twice, when the air was as dry as we ever have it, 
and ſo clear that not a cloud could be ſeen, and found 

the twine each time in a ſmall degree electriſed po- 
fitively. The kite had three metalline points fixed to 
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it; one on the top, and one on each ſide, That the 
twine was electriſed, appeared by the ſeparating: of two 
ſmall cork balls, ſuſpended on the twine by fine flaxen 
threads, juſt above where. the ſilk was tied to it, and 
ſheltered from the wind. That the twine was electriſed 
poſitively, was proved, by applying to it the wire of a 
charged bottle, which cauſed the balls to ſeparate far- 
ther, without firſt coming nearer together. This ex- 
periment ſhewed that the electricity in the air, at thoſe 
times, was denſer above than below. But that cannot 
be always the caſe; for you know we have frequently 
found the thunder clouds in the negative ſtate, attract- 
ing electricity from the earth; which ſtate, it is pro- 
bable, they are always in when firſt formed; and till 
they have received a ſufficient ſupply. How they come 
afterwards, towards the latter end of the guſt, to be 
in the poſitive ſtate, which is ſometimes the ae 
a ſubject for further enquiry. | 

After the above experiments with the * . 
I formed a croſs of two pieces of wood, of equal 
length, interſecting each other at right angles in the 
middle, hung it horizontally upon a central pin, and 
ſet a light horſe, with his rider, upon each extremity, 
whereupon, the whole being nicely balanced, and each 
courſer urged on by an electriſed point inſtead of a 
pair of ſpurs, I was 3 with an electrical 
horſe- race. 

T have contrived an electrical alr 8 * 
made ſeveral experiments with it, that have afforded 


me much ſatisfaction and pleaſure. It is extremely 
ſenſible 
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ſenſible is any alteration in the ſtate of the included 


air, and fully determines that controverted point, 


Whether there be any heat in the electric fire? By 
the encloſed draught, and the following deſcription, 
you will readily apprehend the conſtruction of it. 
See Plate VI. 

AB is a glaſs tube, about eleven inches long, and 
one inch diameter in the bore. It has a braſs feril, 
cemented on each end, with a top and bottom part, 
C and D, to be ſcrewed on, air-tight,. and taken off 
at pleaſure. In the center of the bottom part D, 1s 
a male ſcrew, which goes into a braſs nut, in the ma- 
hogany pedeſtal E, The wires F and G, are for the 
electric fire to paſs. through, darting from one to the 
other. The wire G extends through the pedeſtal to 


H, and may be raiſed and lowered by means of a male 


ſcrew on it. The wire F may be taken out, and the 
hook. I be ſcrewed into its place. K is a glaſs tube, 
with à ſmall bore, open at both ends, cemented i in the 
braſs tube L, which ſcrews into the top part C. The 
lower end of the tube K is immerſed: in water, co- 
loured with cochineal, at the bottom of the tube AB. 
(I uſed, at firſt, coloured, ſpirits. of wine, Hut in one 
experiment I made, it took fixe.) On the top. 'of the 
tube K is cemented, for ornament, a braſs fel,” with 
a head ſcrewed: on, it, which has a ſmall air-hole thro 
its ſide, at a. Tbe wire 6, 5s a fall round ſpring, 
that embraces the tube K, ſo as to ſtay Wherever it is 
placed. The weight M is to keep f rait whatever may 


muſt 
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muſt be town through the tube K, into the tube 
AB, till enough is intruded. to raiſe, by its elaſtic 
force, a column of the coloured water in the tube K, 
up to c, or thereabouts; and then, the gage-wire 5, 
being ſlipt down to the top of the column, the ther- 
mometer 1s ready for uſe, 

I ſet the thermometer on an electric ſtand, with the 
chain N fixed to the prime- conductor, and kept it well 
electriſed a conſiderable time; but this produced no 
ſenſible effect; which ſhews, that the electric fire, 
when in a ſtate of reſt, has no more heat than the air, 
and other matter wherein it reſides. 

When the wires F and G are in contact, a large 
charge of electricity ſent through them, even that of 
my caſe of five and thirty bottles, containing above 
thirty ſquare feet of coated glaſs, will produce no 
rarefaction of the air inciuded in the tube AB; which 
ſhews that the wires are not heated by the fire 's paſſing 
through them. 

When the wires are about two inches apart, the 
charge of a three pint bottle, darting from one to 
the other, rareſies the air very evidently; which ſhews, 
I think, that the electric fire muſt produce heat in 
itſelf,” as well as in the air, by its rapid motion. 

The charge of one of my glaſs jars, (which will 
contain above five gallons and a half, wine meaſure) 
darting from wire to wire, will, by the diſturbance, 
it gives the air, repelling it in all directions, raiſe the 
column in the tube K, up to d, or thereabouts ; and 
the charge of the Woven caſe of bottles 

wall 
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will raiſe it to the top of the tube. Upon the air's 
coaleſcing, the column, by its gravity, inſtantly ſub. 
ſides, till it is in equilibrio with the rarefied air; it 
then gradually deſcends, as the air cools, and ſettles 
where in ſtood before, By carefully obſerving at 
what height above the gage-wire 5, the deſcending 
column firſt ſtops, the degree of rarefaction is diſ- 
covered, which, in great exploſions, is very con- 
ſiderable. 

I hung in the thermometer, ſucceſſively, a ſtrip of 
wet writing paper, a wet flaxen and woolen thread, a 
blade of green graſs, a filament of green wood, a fine 
ſilver thread, a very ſmall braſs wire, and à ſtrip of 
gilt paper; and found that the charge of the above- 
mentioned glaſs jar, paſſing through each of theſe, 
eſpecially the laſt, produced heat enough toirarefy the 
air very perceptibly, 

I then ſuſpended, out of the Werne, a piece 
of {mall harpſichord wire, about twenty-four inches 
long, with a pound weight at the lower end, and 
ſent the charge of the caſe of five and thirty bottles 
through it, whereby I diſcovered a new method of 
wire-drawing. The wire was red hot the whole length, 

well annealed, and above an ich longer than before. 
A ſecend charge melted it; it parted near the middle, 
and meaſured, when the ends were put together, four 
inches longer than at firſt. This experiment, I re- 
member, you propoſed to me before you left Philadel- 
pbia; but I never tried it till now. That I might 
have no doubt of the wire's being bot as well as red, 


J repeated 
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1 repeated the experiment on another piece of the 
ſame wire, encompaſſed with a gooſe-quill, filled with 
looſe grains of gun- powder; which took fire as readily 
as if it had been touched with a red hot poker. Alſo 
tinder, tied to another piece of the wire, kindled by 
it. I tried a wire about three times as big, but could 
produce no ſuch effects with that. 

Hence it appears that the electric fire, though it 
has no ſenſible heat when in a ſtate of reſt, will, by its 
violent motion, and the reſiſtance it meets with, pro- 
duce heat in other bodies when paſſing through them, 
provided they be ſmall enough. A large quantity will 
paſs through a large wire, without producing any 
ſenſible heat; when the ſame quantity paſſing through 
a very ſmall one, being there confined to a narrower 
paſſage, the particles crowding cloſer together, and 
meeting with greater reſiſtance, will * it 151 hot, 
and even melt it. 

Hence lightning does not melt rn by a cold 
fuſion, as we formerly ſuppoſed; but, when it paſſes 
through the blade of a ſword, if the quantity be not 
very great, it may heat the point ſo as to melt it, 
while the broadeſt and thickeſt part oy not be ſen- 
ſibly warmer than before. 

And when trees or houſes are ſt on fire by the 
dreadful quantity which a cloud, or the earth, ſome- 
times diſcharges, muſt not the heat, by which the 
wood 1s firſt kindled, be generated by the lightning's 
violent motion, through the reſiſtin 'S combuſtible 
matter ? | 

| If 
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11 lightning, by its rapid motion: products beat in 
aol as well as in other bodies; (and that it does 1 
think is evident from ſome of the foregoing experi- 
ments made with the thermometer) then its ſome- 
times ſingeing tlie hair of animals killed by it, may 
eaſily be accounted for. And the reaſon of its not 
always doing ſo, may, perhaps, be this: The quan- 
tity, though ſufficient to kill a large animal, may 
ſometimes not be great enough, or not to have met 
with reſiſtance n to. becorhs; by its moti 
burning hot. if Hguonll 1 
Me find that een Arab ith betis 

ning, are ſeldom ſet on fire by it; but when . it»paſſes. 

through barns, with hay or ſtraw in them, or ſtore- 
houſes, containing large quantities of hemp, or ſuch 
ke matter, they ſeldom, if ever, eſcape à conflagra- 
tion; which may, perhaps, be owing to ſuch com- 
buſtibles being apt to kindle with a leſs 1 o 
heat than is neceſſary to kindle wood. 
We had four houſes in this city, alt a veſſet at-bite 
* the wharfs, ſtruck and damaged by lightning laſt 
ſummer. One of the houſes was ſtruck twice in the 
ſame ſtorm. But I have the pleaſure to inform you, 
that your method of preventing ſuch terrible diſaſters, 
has, by a fact which had like to- have eſcaped” our 
knowledge, given a very tonvincing proof of its 
great utility, and is now in higher A ee 
than ever. ' 93104. 2803 17 
2 Hearing, a few dayst ago; that Mr. William TY 
merchant in this city, ſuſpected that the lightning in 
Ininigzil Fff one 
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one of the thunder: ſtorms laſt ſummer, had paſſed 
through the iron conductor which he had pr ovided 
for the, ſecurity of his houſe ; I waited. on hit 
enquire what ground he might have for ſuch ſuſpicion. 
Mr. Ve informed me, that his family and neighbours 
were all ſtunned with a very terrible explofion; and 
that the flaſh and crack were feen and heard at the 
ſame inſtant. Whence he concluded, that the light- 
ning maſt have been very near, and, as no houſe ih 
the neighbourhood had fuffered by it, that it muſt 
have paſſed through his conductor. Mr. bite, his 
clerk, told me that he was fitting, at the time, by a 
window, abbut two feet diſtant from the conductor, 
leaning againſt the brick wall with which it was in 
contact; and that he felt a ſmart ſenſation, like an 
electrick ſhock, in that part of his body which 
touched the wall, Mr. V further informed me, 
that a perſon of undoubted veracity aſſured him, that, 
being in the door of an oppoſite houſe, on the other 
ſide of Mater ureet, (which you know is but narrow) 
the ſlaw the lightning diffuſed over the pavement, 
which was then very wet with rain, to the [diſtance 
of two or three yards from the foot of the con- 
ductor; and that another perſon of very good credit 
told him, that he being affe doors off on the other 
ſide of the qtreet, a the lightning above, darting in 
ach direction that it appeared to him to er 
over that pointed rod. 
V Uponireveiving this information, and being Aus 
t. further — there bring no traces of che 
290 | | _ Iightning 
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lightning to be diſcovered in the conductor, as far a8 
we could examine it below, I propgſed to Mr. Heſt 
our going to the, top of the houſe, to examine the 
pointed rod, aſſuring him, that if tha lightning had 
paſſed through it, the point muſt have been melted ; 
and, to our great ſatisfaction, we found it ſo. This 
iron rod extended in height about nine feet and a half 
above a, ſtack of chimnies to which it was fixed, (tha 
I ſappoſe three or four feet would have been ſuffi- 
cient.) It was ſomewhat mare than half an inch dia- 
meter in the thickeſt part, and tapering to che upper 
end. The conductor, from the lower end of it to the 
earth, conſiſted of ſquare irgn; nail-rods, not much 
above a quarter of an inch thick, connectęd together 
by interlinking joints. It extended down the cedar 
roof to the caves, and from thence dawn. the wall of 
the houſe, four ſtory and a half, to the pavement in 
Water-ftreet, being faſtened to the wall, in ſeveral 
places, by {mall iron hooks. The lower end was 
fixed to a ring, in the top of an won ſtake that was 
drove about four or fave feet into the ground, - 
The above-mentioned, iron rod had a hole in the 
top of it, about two inches deep, wherein, was in- 
ſerted a braſs wire, about two lines thick, and, when 
firſt put there, about ten inches long, terminating in 
a very acute point; hut now its whole: length was no 
more than ſeven inches and a half, and the top very 
blunt. Some of the metal appears, to be. miſſing, che 


| Nendereſt part of the wire being, as I ſuſpect, con- 
ſumed into ſmoke. But ſome of it, where the wire 
| | F f f 2 Was 
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was: a little thicker, being only" metted by the light- 
ning, funk down, while in a fluid? ſxate, and formed 
a rough irregular cap, lower on on fide than the 
other, round the upper end of what remained, ou 
became intimately united therewith. 

This was all the damage that Mr. We ” faſtained By 
a terrible ſtroke of lightning; — a moſt convincing 
proof .of the great utility of this method of prevent- 
ing its'dreadful effects. Surely it will now be thought 
as expedient to 1 e conductor for the lighthmg, 

as for the rain t 29997 

Mr. "Weft was 0 good as to 1 700 a preſent of 
the melted wire, which I keep as a great curioſity, 
and long for the pleaſure of ſhewing it to you. In 
the mean time, I beg your acceptance of the beſt re- 
preſentation I can give of it, which vou will find by 
the ſide of the thermometer, drawn in its full dimen- 
ſions as it now appears: The dotted lines above are 
intended to ſhew the form of the wire Wien, Uſe 
lightning melted it. . 

And now, Sir, I moſt heartily congratulate you on 
the pleaſure you muſt have in finding your great and 
well-grounded expectations ſo far fulfilled. May this 
method of ſecurity from the deſtructive violence of 
one of the moſt awful powers of nature, meet with 
ſuch further ſucceſs, as to induce every good and 
grateful heart to bleſs God for the important diſcovery ! 
May the benefit thereof be diffuſed over the Whole 
e R/ it FRO to 1 lateſt Fan of man- 

If T1 3fil kind, 
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kind, and make the name of FRAN KLI N, like that 
of NEWTON, immortal. 


Ian, Sir, with 3 Do 
At „ ied obedient and m_ bumble Ae 
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' Mr. Kinase, in in Anfiter- to the foregoing. 


_ IR, conf are Lande, Feb. 20, 1968, 

1 Recchhel your ingenious wii of the i2th' of March 

laſt, and thank you'cordially for the ' atcouht you 
give me of the new experiments you have late) Wr 
in Electricity.—It is a ſubject that till affords m 
pleaſure, though of late I have not much ws 
to 1 e 

Vour ſecond ex G in Which yds lle 
without ſucceſs, 55 communicate poſitive ele 
by vapour aſcending ing from electriſed water, re 51 x 
of one 1 formerly made, to try if negative eleAticity 
might be produced by evaporation only. 1 placed a 
large Kea braſs plate, containing four or five ſquate 
feet; on an electric ſtand; a rod of metal, 'about four 
feet long, with 5 bullet at its 8 extended from the 


_ ” plate 


| 
TT % 
4 
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plate horizontally. A fight lock of cotton, ſuſpended 
by a fine thread from the cieling, hung oppoſite to, 


and within an ine of the bulltt.. I then ſprinkled 


the heated plate with water, which aroſe faſt from 
it in vapour. If vapbur ſhould be diſpoſed to carry 
off the electrical, as it does the common fire from 
bodies, expected the plate woutd, by lofing fore of 
its natural quantity, become negatively electriſed. But 
Lconld not pafcexve, by any motiþn in the cotton, 
that it was at all affected; nor by any feparatiof of 
{mall cork-balls, ſuſpended from the plate, could it be 


obſerved that the plate was in any manner electrified. 


Mr. Guntram here has alfo found, that two tea Eups, (et 
on electric ſtands, and filled, one with boiling, the other 


with cold water, and equally electrified, continued 


equally ſo, notwithſtanding the plentiful evaporation 


from the hot water. Your experiment and hus agret- 
ing Howe another remarkable Gittrence hetwebn dle 


tric and common fire. For the latter quits moſt rea- 
dily the body that contains it, where water, or any 


other fluid is evaporating from the ſurface of that 


body, and eſcapes with the vapour. Hence the me- 
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| lows, the mercury fell from $5, the ſtate of warmth 
in the common air, to 7, which is. 22 degrees below 
freezing; , and, accordingly, from ſome water mixed 
with the ſpirit, ar from the breath of the ue 
both, ice gathered in ſmall ſpicula round the ba 
the thickneſs of near à quarter of an inch. To lach 
a degree did the mercury loſe the fire it before con- 
tained, which, as I imagine, took the opportunity of 
eſcaping, in co with the evaporating particles 
of the ſpirit, , by adhering to thoſe particles. | 
Tour experiment af the Florence Kal and boilir 
water is very curious. l have repeated it, and fou 
it to ſucceed as yon deſcribe it, in two flaſks gut of 
three. The third would not charge Wh d with 


cither hot or cold water. I repeated it, becauſe I re- | 


membered I had once attempted to make an glectric 
bottle of a Hlrence flaſk, filled. with cold Mater, but 
could not charge it at all; which I then imputedd to 
ſome imperceptible cracks in the ſmall, extremely thin 
bubbles, of which, that glaſs is full, and I concluded 
none of that kind would do. But ꝓu haveſhewn me 
my, miſtake. Mr. Viſſin had, fo 270 acgpainted us, 
that red hot glaſs would. conduct ctrieity : hut that 
ſo ſmall à degree of heat as that communicated | 
boiling water, would ſo open the [og of extre 
thin glaſe, as to ſuffer, the electric Hyid freely to paß 
was, not before known. -, Some expęrimen wg, yo 
yours, have, however, been made herg, before the re- 
ceipt of your letter, of which tn ROS TR" 
PRO: En (9HOAUTIS NS 215IPITR _ for 


JL 
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1 formerly had am Spinion, that a Tdi bottle! 
charged and then ſealed” hermetically,” might retain its 
electricity for ever ; but having "afterwards ſome ful 
ſpicion that poflibly that ſubtil ffuid might, by flow 
imperceptible degrees, ſoak through” the glaſs, * and in 
time eſcape, J requeſted ſome of my friends,” who had 
conveniencies for doing it, to make trial, Whether, 
after ſome months, the charge of a bottle ſo ſealed 
would be ſenſibly diminiſhed. Being at Birmingham, 
in September 1760; Mr. Bolton of that place opened a 
bottle that had been charged, and its long tubè neck 
hermetically ſealed in the Januaty preceding. On 
breaking off the end of the neck, and introducing a 
wire into it, we found it poſſeſſed of a conſiderable 
quantity of electrielty, ' which Was diſcharged | 'by a 
ſnap and ſpark. This bottle had lain near eren months 
on a ſhelf in a cfoſet, in contact with bodies that 
would uridoubtedly hate Carried off all its etectricity, 
if it could have che! teadily through the glaſes. vet 
as tfié quantity manifeſted by the diſcharge was not 
apparently ſo great as. mi ght have been ex 
a bottle of that "ſize 5 charged, ſome doubt re- 
mained Whether part had eſcaped While the neck was 
ſealing, or had ſince, by degrees, ſoaked through the 
glaſs.” But an experiment of Mr. Canton's, in Which 
ſuch à Bottle was kept under water à week, without 
Having its electricity in the leaſt impared, ſeems to 
ſhow, that when the "glaſs? is Cold, though extremely 
thin,” th& electric fluid is well retamdell by it. **Avithat. 
ingenious and accurate experimenter made a ws 
e 
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like yours, of the effect of heat in rendering thin glaſs 
permeable by that fluid, it is but doing him juſtice to 
give you his account of it, in his on words, extracted 
from his letter to me, in which he communicated! it, 
dated Oct. 31, 1760, v2. 64 

Having procured ſome thin glaſs balls, of en 
an inch and a half in diameter, with ſtems, or tubes, 
of eight or nine inches in length, I electrified them, 
ſome poſitively on the inſide, and others negatively, 
after the manner of charging the Leyden bottle, and 
ſealed them hermetically. Soon after I applied the 
naked balls to my electrometer, and could not diſcover 
the leaſt ſign. of their being electrical; but holding 
them; before the fire, at the diſtance of fix or eight 
inches, they became ſtrongly electrical in a very ſhort 
time, and more ſo When they were cooling. Theſe 
balls will, every time they are heated, give the electrical 
fluid to, or take it from other bodies, according to the 
plus or minus ſtate of it within them. Heating them 
frequently, I find, will ſenſibly diminiſh their power; 
but keeping one of them under water a week, did not 
appear in the leaſt degree to impair it. That which I 
kept under water was charged on the 22d of September 
laſt, was ſeveral times heated before it was kept. in 


water, and has been heated frequently ſince, and yet it 


ſtill retains its virtue to a very conſiderable degree. 
The breaking two of my balls accidentally, gave me 
an opportunity of meaſuring their thickneſs, which I 
found to be between en ah _ om in a thouſand 
of an inch. 


Toes 8 A down 


| 


| 
| 
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A down feather, in x thin glaſs ball, hermetically 
Naled, will not be affected by the application of an 
excited tube, or the wire of a charged vial, unleſs tile 
ball be conſiderably heated; and if a glaſs pane be 
heated till it begins to grow ſoft, and in that ſtate be 
held between the wire of a charged vial, and the diſ- 
charging wire, the courſe of the electrical fluid wilt 
not be through the glaſs, n on eg nen yound 
by the edge of it. 

"By this laſt experiment 5 Mr. Po it appears, 
that though by a moderate heat, thin glaſs becomes, 
in ſome degree, a conductor of electricity, yet, when 
of the thickneſs of a common pane, it is not, though 
in a ſtate near melting, ſo good a conductor as to paſs 
the ſhock of a diſcharged bottle. There ure other 
conductors which ſuffer the electric fluid to paſs 
through them gradually, and yet-wall not conduct a 
ſhock. For inſtance, a quire of paper will conduct 
through its whole length, fo as to electrify a perſon, 
who ſtanding on wax, preſents the paper to an electri- 
- fied prime conductor; but it will not conduct a ſhock 
even through its thickneſs only; hence the ſhock 


either fails, or paſſes by rending a hole in the paper. 


Ihuhns a ſieve will pals water gradually, but a ſtream 


from a fire engine would eicher mg 4 by . = 
tear a hole through it. 

It ſhould ſeem, that ada wlaſo pense die | 
electric fluid, the heat: ſhould be proportioned to the 
thickneſs. You found the heat of boiling water, which 
is but 210, ſufficient to render the extreme thin [glaſs 
nwob E. 33 3 : in 
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in a #lorente flaſk; permeable even to a ſhock. Lord 
Charks: Cavendiſh; by a very ingenious experiment, has 
found the heat of 300 requiſite to render thicker glaſs 

ble to the common current. 

A tlaßs tube, (See Plate VII.) of which-the-phee 
EB; was fold;: ou. wire thruſt: in xi Wo reaching 
B and Curt 
% A ſmall e was tied on at D, e ubs 
in order to carry off any electricity that might 
along upon the tube. 2. A. 
= The bent part was placed in an iron pot, filled 
with iron filings; a thermometer was alſo put into the 
flingss- a lamp was placed under the pot; and the 
was ſupported upon glaks. . | e | 
The wire A ne, before 
the heat was applied, the corks at E ſeparated at firſt, 
upon the principle; of the Leyden vial. | 
But after the pait © B N 
boo the corks continid to ſeparate, though you diſ- 
charged the electricity by; touching the wire at E, the 
. ee continuing in motionn 
** Upon letting the whole cool, the effect remained 
the thermometer was ſunk to 400.” | 
It. Were to be wiſhed, that this moble vhaloſopher 
would communicate more of his expenments. to the 
Werlte as he makes many, and with grent accuracy. 

Von ko I have always looked upon and men- 
ien the equal repulſion in — th {poſitive and of 
negative electricity, as 2 phænomtnon difficult to be 
erxplaintd. I have ſometimes, too, inelined with 
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| you, to cefolde all dees btb de 3 
traction ſeems in itſelf as unintelligible as repulſion, 
there are ſome appearances of repulſion that I cannot 
ſo eaſily explain by attraction; this for one inſtance. 
When the pair of: cork balls are ſuſpended by flaxen 
threads, from the end of the prime conductor, if you 
bring a rubbed glaſs tube near the conductor, but 
without touching lit, you i ſee the? balls ſeparate, 28 
being electriſied politively:; andt yet you have commu- 
nicated no electricity to the conductor for, if you! 
had, it would have remained there; after withdrawihg 
the tube; but the cloſing of the balls immedlately- 
| thereupon, ſhews that the conductor has no more left 
in it than its natural quantity. Then again approach- 
ing the conductor with the rubbed tube, if, while the 
balls are ſeparated, you touch with a finger that end 
of the conductor to which they hang, they will come 
together again, as being, with that part of the con- 
ductor, brought to the ſame ſtate with your finger, 
ie e. the natural ſtate. But the other end of the con- 
ductor, near which the tube is held, is not in that 
ſtate, but in the negative ſtate, as appears on removing 
the tube; for then part of the natural quantity 10 7 
at the end, near the balls, leaving that end to ſupply 
what is at the other, the whole conductor is 
found to be equally in the negative ſtate. Does not 
this indicate that the electricity. of the rubbed tube 
had repelled the electric fluid, Which was diffuſed in 
the conductor while in its natural ſtate, and forced it 


5 % 20 quit. the . to which: the tube was brought: near; 
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accumulating itſelf on the end to which the balls 
vere t ſuſpended? own I find it difficult to account 
for its quitting that end, on the approach of the rub- 
bed tube, but on the ſuppoſition of repulſion; for, 
while the conductor was in the ſame ſtate with the 
air, i. e. the natural ſtate,” it does not ſeem to me eaſy 
to ſuppoſe, that an attraction ſhould ſuddenly take 
place between the air and the natural quantity of the 
electric fluid in the conductor, fo as to draw it to, 
and accumulate it on the end oppoſite. to that ap- 
proached by the tube; ſince bodies, poſſeſſing only 
their natural quantity of that fluid, are not uſually: 
ſeen to attract each other, or to affect ne the 

quantities of electricity each contaiis. 
There are like wiſe appearances of tepulfion in ochier 
parts of nature. Not to mention the violent force” 
with which tlie particles of watery] heated to à certain 
degree, ſeparate from each other, or thoſe af gun- 
poder, when touched with the ſmalleſt ſpark of fire, 
there is the ſeeming repulſion between the ſame poles 
of the magnet, a body containing a ſubtle moveable 
fluid, in many reſpects analagous to tiie electric fluid. 
If two magnets are ſo ſuſpended by ſtrings, as that 
their pꝓoles of the ſame: denomination are oppoſite to 
each other, they will ſeparate, and continue ſo; or if 
you lay a magnetic ſteel bar on à ſmooth table, and 
approach it with another parallel to it, the poles of 
both in the ſame poſition, the firſt will recede from 
the ſecond, ſo as to avoid the contact, and may thus 
be. — (or at leaſt appear to be puſhed) off the 
table. 
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table; Can this be aſcribed to the attraction of: any: 
ſurrounding body or matter drawing them aſunder, 
or drawing the one away from the other? If not, 
and repulſion exiſts in nature, and in magnetiſm, 
why may it not exiſt in electricity? We ſhould not, 


indeed, multiply cauſes in philoſophy without neceſ- 
ſity; and the greater ſimplicity af your hypotheſis 
would recommend it to me; if I could fee that alt 
appearances might be ſolved by it. But I find, or 
think J find, the two cauſes more convenient than 
one of them alone. Thus 1 would ſolve the circular 
motion of your horizontal ſtick, ſupportetl on a pivot, 
with two: pins at their ends, pointing contrary ways, 
and moving in the ſame direction when electrified, 
whether | poſitively or negatively :: When poſitively, 
the air oppoſite to the points being elettriſed poſi- 
tively, repels the points; when negatively, the air 
oppoſite the points being alſo, by their means, elec- 
triſed negatively attraction takes place between the 
electricity in the air behind the heads of the pins, 
and. the flegative pins, and fo they are, in this caſe, 
drawn in the ſame direction that in the other they 
were driven. Vou fee 1 am willing to meet you half 
way, a complaiſance I have not met with in our bro- 
ther Noilet, or any other hypotheſis- maker, and there- 
fore og 3 a little upon it, eſpecially as 
they ſay I have ſome ability in defending even the 
wrong ſide of à queſtion, when I think fit to take it 
rr ee 67:7: ee 

eo. 194d 1 et Hino! t wo): fi: What 
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What you. give as an eſtabliſhed Jaw of the electric 
fluid, „ That quantities of different denſities mutually 
<« attract each other, in order to reſtore the equili- 
6 brium,” is, I think, not well founded, or elſe not 
well expreſſod. Two large cork. balls, ſuſpended by 
filk Pong and both well and equally clectrißedd 
ſeparate to a great diſtance. By bringing into contact 
with one of them, ayother. ball of the lame ſize, 

ſuſpended likewiſe by ſilk, you will take from it half 
its electricity. It will chen, indeed, hang at a leſs 
diſtance from the other, but the full and the half 
quantities will not appear to attract each other, that 
is, the balls will not come together. Indeed, I do 
not know any proof we. have, that one quantity ot 
electric fluid is attracted by another quantity of that 
fluid, whatever difference there may be in their denſi- 
ties. And, ſuppoſing in nature, a mutual attraction 
between two parcels of any kind of matter, it would 
be ſtrange if this attraction ſhould ſubſiſt ſtrongly 
while thoſe parcels were unequal, and ceaſe when 
more matter of the ſame kind was added to the 
ſmalleſt parcel, ſo as to make it equal to the biggeſt. 
By all the laws of attraction in matter, that we are. 
acquainted with, the attraction is ſtronger in propor- 
toon to the increaſe of the maſſos, and never in pro- 

portion to the difference of the maſſes. I ſhould ra- 
ther think the law would be, That the electric fluid 

<« 1s attracted, ſtrongly by all other matter that we 
„know of, while the parts of that fluid mutually 
<< repel each other.” Hence its being equally diffuſed 
O01 | (except 
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(except in particular- circumſtances) throughout all 
other matter. But this you jokingly call electrical 
*« orthodoxy.” It is ſo with ſome at preſent, but not 
with all; and, perhaps, it may not always be ortho- 
doxy ich any body. Opinions are continually vary- 
ing, where we cannot have mathematical evidence of 
the nature of things; and they muſt vary. Nor is 
that variation without its uſe, ſince it occaſions a 
more thorough diſcuſſion, whereby error is often diſ- 
fipated, true knowledge is encreaſed, and its princi- 
ples become ue” np ee and more _— 
cltabliſhed. 
Air. ſhould be a8 you obſerve; « its 1 of the 
t common ſtock of electricity, as well as glaſs, and, 
< perhaps, all other electrics per ſe. But I ſuppoſe; 
that, like them, it does not eaſily part with what it 
has, or receive more, unleſs when mixed with ſome 
non electric, as moiſture for inſtance, of which there 
is ſome in our drieſt air. This, however, is only a 
ſuppoſition; and your experiment of reſtoring elec- 
tricity to a negatively electriſed perſon; by extending 
his arm upwards into the air, with a needle; between 
his fingers, on the point of Which light may be ſeen 
in the night, is, indeed, a curious one. In this town 
the air is generally moiſter than with us, and here 
J have ſeen Mr. Canton electrify the air in one room 
poſitively, and in another, which communicated by a 
door, he has electriſed the air negatively. The dif- 
ference was eaſily diſcovered by his cork balls; as he 


pom out of one room into another. -Pere Beccaria, 
L | . too, 
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too, has a pretty experiment, which ſhews that air 
may. be. electriſed. Suſpending a pair of ſmall light 
balls, by flaxen threads, to the end of his prime- 
conductor, he turns his globe ſome time, electriſing 
poſitively, the balls diverging and continuing ſeparate 
all the time. Then he preſents the point of a needle 
to his conductor, which gradually drawing off the 
electric fluid, the balls approach each other, and 
touch, before all is drawn from the conductor; open- 
ing again as more is drawn off, and ſeparating nearly 
as wide as at firſt, when the conductor is reduced to 
the natural ſtate. By this it appears, that when the 
balls came together, the air ſurrounding the balls was 
juſt as much electriſed as the conductor at that time; 
and more than the conductor, when that was reduced 
to its natural ſtate. For the balls, though in the na- 
tural ſtate, will diverge, when the air that ſurrounds 
them is electriſed plus or minus, as well as when that 
is in its natural ſtate; and they are electriſed plus or 
minus themſelves.” I foreſee that you will apply this 
experiment to the ſupport . of your hypotheſis, and 
I think you may make a good deal of it. | 
It was a curious enquiry of yours, Whether the 
electricity of the air, in clear dry weather, be of the 
ſame denſity at the height of two or three hundred 
yards, as near the ſurface of the earth; and I am 
glad you made the experiment. Upon reflection, it 
ſhould ſeem probable, that whether the general ſtate 
of the atmoſphere at any time be poſitive or negative, 
hat part of it which is next the earth will be nearer 
nn the 
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the natural ſtate, by having given to the carth in one 
caſe, or having received from it in the other. In 
electriſing the air of a room, that which is neareſt the 
walls, or floor, is leaſt altered. There is only one 
ſmall ambiguity in the experiment, which may be 
cleared by more trials; it ariſes from the ſuppoſition 
that bodies may be electriſed poſitively by the friction 
of air blowing ſtrongly on them, as it does on the 
kite and its ſtring. If at ſome times the electricity 
appears to be negative, as that friction is the ſame, 
the effect muſt be mn a —— ſtate of the 


upper air. 


1. am; much bse wich your. cledtrical-thermo- 
meter, and the experiments you have made with it. 
I formerly ſatisfied myſelf by an experiment with my 
phial and ſyphon, that the elaſticity of the air was 
not increaſed by the mere exiſtence of an electric 
atmoſphere within the phial; but I did not know, till 
you now inform me, that heat may be given to it by 
an electric exploſion. The continuance of its rare- 
faction, for ſome time after the diſcharge of your 
glaſs jar and of your caſe of bottles, ſcems to make 


this clear. The other experiments on wet paper, wet 


thread, green graſs, and green wood, are not ſo ſatis- 


factory; as poſſibly the reducing part of the moiſture 
to vapour, by the electric fluid paſſing through it, 


might occaſion ſome expanſion which would be gra- 
dually reduced by the condenſation of ſuch vapour. 


The fine ſilver thread, the very ſmall braſs wire, and 


TE TIO Hema 4 


- objection, 
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objection, as even metals, in ſuch circumſtances, are 
often partly reduced to n kn A) . 
ing on 
But your ſubſequent beautiful experiment! on the 
wire, which you made hot by the electric exploſion, 
and in that ſtate fired gunpowder with it, puts it out 
of all queſtion, that heat is produced by our artificial 
electricity, and that the melting of metals in that 
way, is not by what I formerly called a cold fuſion. 
A late inſtance here, of the melting a bell- wire, in a 
houſe ſtruck by lightning, and parts of the wire 
burning holes in the floor on which they fell, has 
proved the ſame with regard to the electricity of na- 
ture. I was too eaſily led into that error by accounts 
given, even in philoſophical books, and from remote 
ages downwards, of melting money in purſes,” ſwords 
in ſcabbatds, &c. without burning the inflammable 
matters that were ſo near thoſe» melted metals. But 
men are, in- general, ſuch carelefs obſervers, that 
a philoſopher cannot be too much on his guard in 
crediting their relations of things extraordinary, and 
ſhould never build an hypotheſis on any thing but 
clear facts and experiments, or it will be in danger of 
foon falling, as this does, like a houſe of cards. 
Ho many ways there are of kindling fire, or pro- 
ducing heat in bodies! By the ſun's rays, by colli- 
ſion, by friction, by hammering, by putrefaction, by 
fermentation, by mixtures of fluids, by mixtures of 
ſolids with fluids, and by electricity. And yet the 
fre when produced, though in different bodies it may 
H 1 * 
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differ in — s in colour, vehemence,  &c, | 
yet in the ſame bodies is generally the ſame. Does 
not this ſeem to indicate that the fire exiſted in the 
body, though in a quieſcent ſtate, before it was by 
any of theſe means excited, diſengaged, and brought 
forth to action and to view? May it not conſtitute 
part, and even a principal part, of the ſolid ſubſtance 
of bodies? If this ſhould be the caſe, kindling fire 
in a body would be nothing more than developing 
this inflammable principle, and ſetting it at liberty to 
act in ſeparating the parts of that body, which then 
exhibits the appearances of ſcorching, melting, burn- 
ing, Sc. When a man lights an hundred candles 
from the flame of one, without diminiſhing that 
flame, can it be properly ſaid to have communicated all 
that fire? When a ſingle ſpark from a flint, applied 
to a magazine of gunpowder, is immediately attended 
with this conſequence, that the whole is in flame, 
exploding with immenſe violence, could all this fire 
exiſt firſt in the ſpark? We cannot conceive it. And 
thus we ſeem led to this ſuppoſitian, that there is 
fire enough in all bodies to ſinge, melt, or burn 
them, whenever it is, by any means, ſet. at liberty, 
ſo that it may exert [itſelf upon them, or be diſen- 
gaged from them. This liberty ſeems to be afforded 
it by the paſſage of electricity through them, which 
we know can and does, of itſelf, ſeparate the parts 
even of water; and perhaps the immediate appear- 
ances of fire are only the effects of ſuch ſeparations.? 
If ſo, there would be no. need of ſuꝑpoſing that - 
| el 
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electric fluid heats itſelf by the ſwiftneſs of its motion, 
or heats bodies by the reſiſtance it meets with in paſſing 
through them. They would only be heated in pro- 
portion as ſuch ſeparation could be more eaſily made. 
Thus a melting heat cannot be given to a large wire 
in the flame of a candle, though it may to a ſmall 
one; and this not becauſe the large wire reſiſts 45 
that action of the flame, which tends to ſeparate its: 
parts, but becauſe it reſiſts it more than the ſmaller 
wire; or becauſe the force being divided among more: | 
parts, acts weaker on each. 

This reminds me, however, of a little experiment L 5 
have frequently made, that ſhews, at one operation, 
the different effects of the ſame quantity of electric 
fluid paſſing through different quantities of metal. A. 
ſtrip of tinfoil, three inches long, a quarter of an inch 
wide at one end, and tapering all the way to a ſharp 
point at the other, fixed between two pieces of glaſs, 
and having the electricity of a large glaſs jar ſent 
through it, will not be diſcompoſed in the broadeſt 
part, towards the middle will appear melted in ſpots ; 
where narrower, it will be quite melted ;: and about 
half an inch of it next the ou will be dong: to. 
ſmoke. : 

Tou were not miſtaken in ſuppoſing: that your ac- 
count of the effect of the pointed rod, in ſecuring Mr. 
Weſt's houſe from damage by a ſtroke of lightning, 
would give me great pleaſure. I thank you for it moſt 
heartily, and for the pains you. have taken in giving: : 
me ſo * a deſcription an its ſituation, form, and, 
b ſubſtance, 
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ſubſtance, with the draft of the melted point. There 
is one circumſtance, viz. that the lightning was ſeen 
to diffuſe itſelf from the foot of the rod over the wet 
pavement, which ſeems, Ithink, to indicate, that the 
earth under the pavement was very dry, and that the 
rod ſhauld have been ſunk deeper, till it came to earth 
moiſter, and therefore vs to receive and diſſipate 
the electric fluid. And although, in this inſtance, 
a conductor formed of nail rods, not much above a 
quarter of an inch thick, ſerved well to convey the 
lightning, yet ſome accounts I have ſeen from Carolina, 


give reaſon to think that larger may be ſometimes ne- 


ceſſary, at Jeaft for the ſecurity of the conductor itſelf, 
which, when too ſmall, may be deſtroyed in executing 
its office, though it does, at the ſame time, preſerve 
the houſe. Indeed, in the conſtruction of an inſtru- 


ment ſo new, and of which we could have ſo little 


experience, it is rather lucky that we ſhould at firſt be 
fo near the truth as we ſeem to be, and commit ſo few 
There is another reaſon for ſinking deeper the lower 
end of the rod, and alſo for turning it outwards under 

to ſome diſtance from the foundation; it is 


% this, that water dripping from the eaves falls near the 


foundation, and ſometimes ſoaks down there in greater 
quantities ſo as to come near the end of the rod, though 
the ground about it be drier. In ſuch caſe, this water 
may be exploded, that is, blown into vapour, whereby 
a force is generated that may damage the foundation. 


ne — to vapour, is ſaid to occupy 14,000 | 


times 
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times its former ſpace.—-] have ſent a charge through 
a ſmall glaſs tube, that has borne it well while « empty, 
but when filled firſt with water, was ſhattered to 
Pieces, and driven all about the room :---Finding no 
part of the water on the table, I ſuſpected it to have 
been reduced to vapour; and was confirmed in that 
ſuſpicion afterwards, when I had filled a like piece of 
tube with ink, and laid it on a ſheet of clean paper, 
whereon, after the explofion, I could find neither any 
moiſture nor any ſully from the ink. This experiment 
of the exploſion of water, which I believe was firſt 
made by that moſt ingenious electrician father Becca- 
ria, may account for what we ſometimes fee in a tree 
ſtruck by lightning, when part of it is reduced to fine 
ſplinters like a broom; the ſap veſſels being fo many 
tubes containing a watry' fluid, which when reduced 
to vapour, rends every tube lengthways. And perhaps. 
it is this rarefaction of the fluids in animal bodies 
killed by lightning or electricity, that by ſeparating its 
fibres, renders the fleſh ſo tender, and apt fo much; 
ſooner to putrify. I think too, that much of the da- 
mage done by lightning to ſtone and brick walls, may 
ſometimes be owing to the exploſion of water, found. 
during ſhowers, running or lodging in the joints or 
ſmall cavities or cracks that happen to be. in. the 
walls. 

Here are ſome electricians that ee knobs: 
inſtead. of points on the upper end of the rods, from. 
a ſuppoſition that the points invite the ſtroke. I is. 
wy. that points draw Ry: at greater diſtances. 

« "nu 
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in the gradual filent way; but knobs will draw. at 
the greateſt diſtance a ſtroke, There is an experi- 
ment that will ſettle this. Take a crooked wire of 
the thickneſs of a quill, and of ſuch a length as that 
one end of it being applied to the lower part of a 
charged bottle, the upper may be brought near the 
ball on the top of the wire that is in the bottle. Let 
one end of this wire be furniſhed with a knob, and 
the other be gradually tapered to a ſine point. When 
the point is preſented to diſcharge the bottle, it muſt 
be brought much nearer before it will receive the 
ſtroke, than the knob requires to be. Points beſides 
tend to repel the fragments of an electriſed cloud, 
knobs draw them nearer. An experiment which I be- 
lieve I have ſhewn you, of a cotton fleece hanging from 
an electriſed body, ſhews this clearly when a point or 
knob. is preſented under it. | 

You ſeem to think highly of the importance of this 
diſcovery, as do many others on our fide of the water. 
Here it is very little regarded; ſo little, that though it 
is now ſeven or eight years ſince it was made publick, 
I have not heard of a ſingle houſe as yet attempted to 
be ſecured by it. It is true the miſchiefs done by 
lightning are not ſo frequent here as with us, and 
thoſe who calculate chances may perhaps find that not 
one death, (or the deſtruction of one houſe) in a hun- 
dred thouſand happens from that cauſe, and that 
therefore it is ſcarce worth while to be at any expence 
to guard againſt it. But in all countries there are par- 
ticular ſituations of building: more expoſed than 
others 
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others to ſuch accidents, and there are minds ſo ſtrongly 
„ with the apprehenſion of them, as to be very 
unhappy. every. time a little thunder is within their 
hearing; Lit may therefore be well to render this little 
piece of new knowledge as general and as well un- 
derſtood as poſlible, fince to make us ſafe is not all its 
advantage, it is ſome to make us eaſy. And as the 
ſtroke it ſecures us from might have chanced perhaps 
but once in our liyes, while it may relieve us a hundred 
times from thoſe painful apprehenſions, the latter may 
poſſibly on the. whole contribute more to the happi- 
neſs of mankind than the former. 

Your kind | ind congratulations are very oblig- 
| — 1 return n r with rr re- 

f | "by der Sir, 100 


Your affectionate WI: nal. ai 22 
and moſt obedient humble ſervant, | 
B. F. 
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Accounts ak — 7 e in the" fore: 
"going "Letter) of the Effects of Lightning on 
two of the Rods commonly el to Houſes 


be Wy: h ee Lightaing, 


"hers: W Nov." mn, —.ᷣ— 
is — ſiner Mir. Raven's rod was 
ſtruck by lightning. I-hear ai account of it was pub- 
liſhed at the time, but I cannot find it According 
to the beſt information I can now get, he had fixed 
to the outſide of his chimney. a large i iron rod, ſeveral 
feet in length, reaching above the chimney ; and to 
the top of this rod. the points were fixed. From the 
lower end of this rod, a ſmall braſs wire was conti- 
nued;down to the top of another iron rod driven into 
the earth. On the ground-floor in the chimney ſtood 
a gun, leaning againſt the back wall, nearly oppoſite 
to where the braſs wire came down on the outſide, 
The lightning fell upon the points, did no damage to 
the rod they were fixed to; but the braſs wire, all down 
till it came oppoſite to the top of the gun-barrel, was 
oct Are . There the lightning made a hole through 
A ibef that it was not of ſufficient ſabſtince to conduct with ſafety to 
3 with ſafety /o far 0 the wall og a quaity of he elec 


the 
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the wall or back of the chimney, to get to the gun- 
barrel &, down which it ſeems to have paſſed, as, al- 
though it did not hurt the barrel, it damaged the butt 
of the ſtock, and blew up ſome bricks of the hearth. 
The braſs wire below the hole in the wall remained 
good.---No other damage, as I can learn, was done to 
the houſe.---I am told the ſame houſe had formerly 
been truck by — and much damaged, before 
en rode were invented. 


LETTER XI. 


Mr. Wi Mam Mane g Aces 6 the Effect of 
Lightning on his Rod, dated at Indian Land, 
in Carolina, Arg. $8; 170%; 1, 1-0 


- had « ſet of 'eleftrical points,” confitin} 
of three prongs of large braſs wire tipt with ſilver, 
and perfectly ſharp, each about ſeven inches long; 
theſe were riveted at equal diſtances into an iron nut, 
about three quarters of an inch ſquare, and opened at 
top equally to the diſtance of ſix or ſeven inches from 
point to point, in a regular triangle. This nut was 
ſcrewed very tight on the top of an iron rod of above 
half an inch diameter, or the thickneſs of a ene 


* A more ſubſtantial condudor 
ii 2 curtain 
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curtain rod, compoſed of ſeveral joints, annexed by 
hooks turned at the end at each joint, and the whole 
fixed to the chimney of my houſe by iron ſtaples. The 
points were elevated (a) ſix or ſeven inches aboye the 
top of the chimney; and the lower joint ſunk . 
feet in the earth, in a perpendicular direction. 

Thus ſtood the points on Tueſday laſt about ge i in 
the evening, when the lightning broke with la violent 
exploſion on the chimney, cut the rod ſquare off juſt 
under the nutt, and, I am perſuaded, melted the points, 
nutt, and top of the red, -entirely-up-;-as--after..the 
moſt diligent ſearch nothing of either was found (%, 
and the top of the remaining rod was caſed over with 
a co ſolder. The lightning ran down the rod, 
ſtarting almoſt all the ſtaples (c), and unhooking the 
joints, without affecting the rod 44}, except on the 
inſide of each hook where the joints were coupled, the 
ſarface of which was melted (e), and left as caſed 
over with ſolder. No part of the chimney was dama- 
ged, (, only at the foundation (g), where it was 
| ſhattered, almoſt quite round, and ſeveral bricks were 

torn, out (6). Conſiderable cavities were made. in the 
earth quite round the foundation, but moſt within 
eight or nine inches of the rod. It alſo ſhattered the 
bottom weather- board (10, at one corner of the houſe, 
and made a large hole in the earth by the corner. poſt. 
On the other ſide of the chimney it ploughod up ſeve· 
ral furrows. in the earth, ſome yards in length. It ran 
down the inſide of the chimney (4), carrying only ſaot 
with it ; and filled the whole cle houſe with its flaſh (7), 
ſmoke, - 


ſmoke, and duſt. It tore up the earth in ſeveral 
places (), and broke ſome pieces of china in the 
beaufet (u). A copper tea-kettle ſtanding in the 
chimney, was beat together, as if ſome great weight 
had fallen upon it o; and three holes, each. about 
half an inch diameter, melted through the bottom 
7 What ſeems. to me moſtꝭ ſurpriſing is, that the 
— under the kettle was not hurt, yet the bottom 
of the kettle was drove inward, das if the lightning 
proceeded; from under it upwards (/, and the cover 
was thrown to the middle of the floor (r. The fire 
dogs, an iron loggerhead, an Indian pot, an .earthen 
cup, and a cat, were all in the chimney at the time 
unhurt, though great part of the hearth was torn 
up H. My wife's ſiſter, two, children, and a ; Negro 
wench, were all who happened to be in the houſe at 
the time: The firſt, and one child; ſat: Within f ve 
feet of the chimney: and were ſo ſtunned, that they 
never ſaw the lightning nor heard, the exploſion; the 
wench, with the other child in her arms, ſitting at a 
greater diſtance, was ſenſible of both; though every 
one was ſo ſtunned that they did not recover for 
ſome time; however it pleaſed God that no farther 
miſchief enſaeds. The kitchen, at go feet diſtance, 
was full of Negroes, who were all ſenſible of the 
ſhock.; and ſome of them tell me, that they felt the 
rod about a minute after, when it was 10 hot that 
e iin hand. ed 


| be (4,4 
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en or Hi ' Remarks, | 
The e very ſenſible and diſtin account 

may afford a good deal of inſtruction relating to the 

nature and effects of lightning, and to the conſtruc- 
tion and uſe of this inſtrument for averting the miſ- 
chiefs" of it.—Like other new inſtruments, this ap- 
pears to have been at firſt in ſome reſpects imperfect; 
and we find that we are, in this as in others, to ex- 
pect improvement from experience chiefly : But there 
ſeems to de nothing in the account, chat ſhould dif. 
courage us in the uſe of it; ſince at the ſame time 
that its imperfe&ions' are diſeovered; the ' means of 
removing them are pretty eaſily to be learnt from the 

circumſtances of the account your 1 _ Its” r 
upon: the whole is manifeſt. 

One intention of the pete bea is, — a 

ſtroke of lightning: (Ser pages 134, 169.) But to 

have A better chance of obtaining this end, the points 
ſhould” not be too near to the top of the chim- 
ney or higheſt pa rt of che building to which they are 
affixed; but mend be extended five or ſix feet above 
it; otherwiſe their operation in ſilently drawing off 
the ſire (from ſuch fragments of cloud as float in the 
air between the great body of cloud and the earth) 
will be prevented. For the experiment with the lock 
of cotton hanging below the electrified prime- con- 
ductor, ſhews, that a finger under it, being à blunt 
body, extends the cotton, drawing its lower part 
downwards; when a needle with its point preſented 


to the cotton, makes it fly up again to the prime- 
| conductor 


* 
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conductor; and that this effect is ſtrongeſt, When as 
much of the needle as poſſihle appears above the end 
of the finger; grows weaker as the needle is ſhoftened 
between the finger and thumb; and is reduced to no- 
thing when only a ſhort part below the point appears 
above the finger. Now. it ſeems the pointe of Mz. 
Maine's rod were elevated only (). fix or ſeven inches 
aboye the top , . the \chimmey ; which, conſidexing the 
bulk of the chimney and the houſe, was tog ſmall an 
elevation, - For the great body of matter near them 
would hinder their being eaſily brought into a nega- 
tive ſtate by the repulſive power of the, electriſed 
cloud, in which, negatiye ſtate it ie that) they attract 
moſt ſtrongly and copiouſſj the electric fluid from 
other bodies, and convey it into the earth. 
(b) Nothing of the: points; &. could be faund, - This 
is a common effect. (See page 170. Where the quan- 
tity of che electric fluid paſſing is too great for the 
conductor through which. it paſſes, the metal is either 
melted, or reduced to ſmoke and diſſipated; but where 
the conductor is ſufficiently large, the fluid paſſes in 
it without hurting it. Thus theſe three wires were 
2 while the rod to which they were fixed. 
greater ſubſtance, remained unhurt z-its end 
- only, to which they were joined, being a little melted, 
ſome of the melted part of the lower ends of thoſe 
wires uniting with it, and on it like ſolder. 
(c) (4) (ce) As the ſeveral parts of the rod were 
connected only by the ends being bent round into 
5 e the contact * hook * hook * | 
ſmaller 
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ſmaller” than the rod; therefore the current through 
the metal being Een in thoſe narrow paſſages, 
melted part of the metal, as appeared on examining 
the inſide of each hook. Where metal is melted by 
lighting, ſome Part of it is generally exploded; and 
tele exploſtons in the joints appear to have been 
che cauſe of unhobking them; and, by that violent 
action, of ſtarting alſo moſt of the ſtaples. We 
kart fem hence, that a rod in one continued piece 
inPreforable to one Lom poled of Links or parts Hooked 
ef. © 7 $91 ty P. £52. SG 902 i i 11079 
N fare of eli thine wh ee; becauſe the 
Ugttezing f in the rod. And this inſtance agrees 
with in ſhewing,' that tlie ſecond and principal 
intention of the rôds is obtainable; viz. that of con- 
difiing the lightning. In all the inſtances yet known 
of the Aghtning's falling on any houſe guarded. by 
rods, it has pitched dawn upon the point of the rod; 
and has not fallen upon any other part of the houſe. 
Had the lightning fallen on this chimney, unfur- 
niſned with a rod, it would -probably have rent it 
from top to bottom; as we ſee, by the effects of the 
lightning on the points and rod, that its quantity 
was very great; and we know that many chimnies 
have been ſeen” ſo demoliſhed. ©” But no part of this was 
damaged, only (f) (g) ( at the foundation, where it was 
Shattered and ſeveral bricks torn out. Here we learn the 
principal defect in fixing this rod. The lower joint 
being ſunk but three feet into the earth, did not it 
marred £0 low enough to come at ——— or a large | 
| | h body 
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body of earth ſo moiſt as to receive readily from its 
end the quantity it conducted. The electric fluid 
therefore thus accumulated near the lower end of the 
rod, quitted it at the ſurface of the earth, dividing in 
ſearch of other paſſages. Part of it tore up the ſur- 
face in furrows, and made holes in it: Part entered 
the bricks of the foundation, and the weather-board, 
(i) which being near the earth are generally moiſt, 
and, in exploding that moiſture, :ſhattered them. {See 
page 423.) Part went through or under the founda- 
tion, and got under the hearth, blowing up: great 
part of the bricks (m (V, and producing other 
effects (0) (p g (r). The iron dogs, loggerhead 
and iron. pot were not hurt, being of ſufficient ſub- 
ſtance; and they probably protectedi the cat. The 
copper. tea-kettle being thin, ſuffered ſome damage. 
Perhaps, though found on a ſound part of the hearth, 
it might at the time of the ſtroke have ſtood on the 
part blown up, h will — Gen er the 

bruiſing and melting. 2 760 % Q dg: 
That it ran 3 Hebe c ching; — 
hend muſt be a miſtake. | Had it done ſog I imagine 
it would have brought ſomething more than foot with 
it; it would probably have ripped off the pargetting, 
and brought down, fragments of plaiſter and bricks. 
The ſhake, from the exploſion on the rod ua s ſuf- 
ficient to ſhake down. a good deab of looſe foot. 
Lightning does not uſually enter houſes: bythe-doors, 
windows, or chimnies, as open paſſages, uv the man- 
wer; that air enters them: Its nature 1s; to:beattracted 
K x K | by - 
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by ſubſtances, that are conductors of electricity; it 
penetrates and paſſes in them, and: üf they are not 
good conductors, as are neither wood, brick, ſtone 
nor plaiſter, it is apt to rend them in its paſſage. It 
would not eaſily pals: through the air from a cloud to 
a building, were it not for the aid afforded it in its 
paſſage by intervening fragments gt clouds en ae 
maim body. or by ther falling rain. 
It is ſaid that the bowſe was filled ble, fab PT 
Expreſſions: like this are common in accounts of the 
effects of lightning, from which we are apt to under- 
ſtand that the lightning filled the houſe. Our lan- 
guage indeed ſeems to Want a word (to, expreſs. the 
light of lightning as diſtinct From the lightning itſelf. 
When a tree: on a hill is ſtrurk by it the lightning of 
that ſtroke exiſts. only in a; narrow vein between the 
cloud and tree, but its light fils à vaſt ſpace; many 
miles rounil; and en at the greateſt diſtance froni 
it are apt to lay, {the lightning came into our rooms 
through our windows.” As it is itſelf extremely 
bright, it cannot, when ſo near as to ſtrike a hbüſe, 
fail illuminating highly every. roam im it through, the 
windows; and — to haue been the! caſe at 
Mr. Maine s; and tliat, except in ande neat the hearth, 
from tlie cauſes above-mentioned, it was not in any 
other part of the houſe; tbe Saſs. meaning no more 
than be ligie of the lightning It is for want of 
conſidering this difference, that people ſuppoſe there 
is a kind of lightning not attended with thunder. In 
fatt there is * a * . accompanying 
3 E, 
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every flaſh of lightning, and at the ſame inſtant; 
but as ſound travels ſlower than light, we often hear 
the ſound ſome ſeconds of time after having ſeen the 
light; and as ſound does not travel fo far as light, 
we ſometimes ſee the light at a diſtance too great to 
hear the ſound, _ 

n) The breaking ſome pieces of china in the lager, 
may nevertheleſs ſeem to indicate that the lightning 
was there: But as there is no mention of its having 
hurt any part of the beaufet, or of the walls of the 
houſe, I ſhould rather aſcribe that effect to the con- 
cuſſion of the air. or ſhake of the houſe by the 
exploſion. ä 

Thus, to me it appears, that the houſe bind its in- 
habitants were ſaved by the rod, though the rod itſelf 
was unjointed by the ſtroke ;- and that, if it had been 
made of one piece, and funk: deeper in the earth, or 
had entered the eartli at a greater diſtance from the 
foundation, the mentioned ſmall damages (except the 
n the _ would not have happened. 


L E 5 T'E R XII. 


ds dag, | July 3. 1762. 
40 try, at the bat of a friend, whether amber 


© finely powdered might be melted and run to- 


piece of ſmall glaſs tube about 21 inches long, the 
Kkk2 bore 


1 again by means of the electric fluid, I took a 


* 
* 
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bore about * of an inch diameter, the glaſs itſelf 
about the ſame thickneſs; I introduced into this 
tube ſome powder of amber, and with two pieces of 
wire nearly fitting the bore, one inſerted at one end, 
the other at the other, I rammed the powder hard 
between them 'in the middle of the tube, where it 
ſtuck faſt, and was in length about half an inch. 

Then leaving the wires in the tube, I made them part 
of the electric circuit, and diſcharged through them 
three rows of my caſe of bottles. The event was, 
that the glaſs was broke into very ſmall pieces and 
thoſe diſperſed with violence in all directions. As I 
did not expect this, I had not; as in other experi- 

ments, laid thick paper over the glaſs to ſave my eyes, 
ſo ſeveral 'of the pieces ſtruck my face ſmartly, and 
one of them cut my lip a little ſo as to make it bleed. 
I could find no part of the amber; but the table 
where the tube lay was ſtained very black in ſpots, 
ſuch as might be made by a thick. ſmoke forced on it 
by a blaſt; and the air was filled with a ſtrong” fmell 


ſomewhat like that from burnt gunpowder. Whence 


I imagined, that the amber was burnt, and had ex- 
ploded as gunpowder would have Gong in * ſame 
circumſtances. A 
That I might better fe the effect on the ies 1 
made the next experiment in a tube formed of a card 
rolled up and bound ſtrongly with packthread. Ita 
bore was about 4 of an inch diameter. I rammed 
5 powder of amber into this as I, had done in the other, 
and as the N of amber was greater, I increaſed 
the 
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the quantity of electric fluid, by diſcharging through 
it at once five rows of my bottles. On opening the 
tube I found that ſome of the powder had exploded, 
an impreſſion was made on the tube, though it was not 
burſt, and moſt of the powder remaining, was turned. 
black, which I ſuppoſe might be by the ſmoke forced. 
through it from the burnt part: Some of it was hard, 
but as it powdered again when preſſed by the fingers, 
I ſuppoſe that hardneſs not to ariſe from melting any 
s in it, but merely from my ramming the powder 

when I charged the tube. 
N FP. 


7 


— 
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LETTER MW 


To the Rev. Father BRcARTA. 


Rev, SIR, London, July 13, 1762. 


Once prom iſed myſelf the pleaſure of ſeeing you at 
Turin, but as that is not now likely to happen, 
being juſt about returning to my native country, 

» America, I fit down to take leave of you (among others 

of my European friends that I cannot ſee) by writing. 

I thank you for the honourable mention you have 

ſo frequently made of me in your letters to Mr. Collin-- 
ſon and others, for the generous defence you undertook: 
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and executed with ſo much ſucceſs, of my electrical 
opinions; and for the valuable preſent you have made 
me of your new work, from which I have received 
great information and pleaſure. I wiſh I could in re- 
turn entertain you with any thing new of mine on 
that ſubject; but I have not lately purſued it. Nor 
do I know. of any one here that is at 2 P much 
engaged AV .. 

Perhaps, however, it may be agreeable to you, as 
you live in à mufical country, to have an account of 
the new inſtrument lately added here to the great 
number that charming ſcience was before poſſeſſed of; 
As it is an inſtrument that ſeems peculiarly adapted 
to Talian muſic, eſpecially that of the ſoft and plain-. 
tive kind, I will endeavour to give you ſuch a deſcrip- 
tion of it, and of the manner of conſtructing it, that 
you, or any e of your friends, may be enabled to imitate 
it, if you incline ſo to do, without being at the ex- 
pence and trouble of the many experiments I have 
made in endeavouring to oy it to its oy per- 
fection. 

You have doubtleſs heard the ſweet tone that is 
drawn from a drinking-glafs, by paſſing a wet finger 
round its brim. One Mr. Pacteriqꝑe, a gentleman from 
Ireland, was the firſt who thought of playing tunes, 
formed of theſe tanes. He collected a number of 
glaſſes of different ſiaes, fixed them near each other 
on a table, and tuned them by putting into them 
water more or leſs,” as each note required. The tones 


were hn an out by paffing his _— round their 


brims. 
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_ + brims.---He was unfortunately burnt here, with his 
inſtrument, in a fire which conſumed the houſe he 
lived in. Mr. E. Delaval, a moſt ingenious member 
of our Royal Society, made one in imitation of it, 
with a better choice and form of glaſſes, which was 
the firſt 1 faw or heard. Being charmed with the 
ſweetneſs of its tones, and the muſic he produced 
from it, I wiſhed only to ſee the glaſſes diſpoſed in a 
more convenient form, and brought together in a nar- 
rower compaſs, ſo as to admit of a greater number 
of tones, and all within reach of hand to a perſon 
ſitting before the inſtrument, which I accompliſhed, 
after various intermediate trials, and leſs commodious 
forms, both of | 9 my conſtruction, in rand nga 

mg — i 517 Aidlinnaib 
ere The glaſſes” « are blown as near 
e poſſible in the form of hemiſ- 
Ne pheres, having each an open neck 
or ſocket in the middle. The thick 


8 E £ AY WH a tenth of am inch, or hardly quite 0 
unn much but thicker as it comes neater 
| che wry rhith-1 in the largeſt glaſſes is about an inch 
deep, and an inch and half wide within, theſe dimen- 

ſions. leſſening as the glaſſes themſelves diminiſhi in 
fie, except that the neck of the ſmalleſt ougiit not to 
be ſhorter than half an inch The largeſtglaſs is nine 
inches diameter, and the ſmalleſt three inches. Between 
theſe three are twenty-three different lues, Giffeting 


from each other a quarter of an inch in diameter 
To 


th,” 
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To make a ſingle — there ſhould be at leaſt 
fix glaſſes blown of each ſiae; and out of this number 
one may probably pick 37 glaſſes, (which are ſufficient 
for three octaves with all the ſemitones) that wall be 
each either the note one wants or a little ſharper. than 
that note, and all fitting ſo well into each other as to 
taper pretty regularly from the largeſt to the ſmalleſt. 
It is true there are|not'37 ſizes, but it often happens 
that two of the ſame ſiae differ a note or half note 
in tone; by reaſon of à difference in thickneſs; and 
theſe: may be placed one in the other without, an 
hurting the regularity, of the taper form. 
The glaſſes being choſen, and every one marked with 
a diamond the note you intend it for, they are to be 
tuned by diminiſhing the thickneſs of thoſe that are 
too ſharp. This is done by grinding them round from 
the neck towards the brim, the breadth of one or tw 
inches, as may be: required; often trying the glaſs b 
a well tuned harpſichord, comparing the tone- drawn 
from the glaſs by your finger, with the note you want, 
as ſounded by 9 ſtring of the harpſichord. When 
you come mear the matter, be careful to wipe the glaſs 
clean and dry before each trial,” becauſe the tone is 


ſomething flatter When the glaſs is wet; than it will 


be when dry; — and grinding a very little between each 

trial, vou will thereby tune to great exactneſs, The 
more care is. neceſſary in this, becauſe if you go below 
your required tone, there is no ſharpening it again but 

by grinding ſomewhat off the brim, which will: after- 
wards require poliſhing, and thus encreaſe the * 
ee e 
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The glaſſes being thus tuned, you are to be provided 
with a caſe for them, and a ſpindle on which they. are 
to be fixed. My caſe is about three feet long, eleven 
inches every way wide within at the biggeſt end, and 
five. inches at the ſmalleſt end ; for it tapers all the 
way, to adapt it better to the conical figure of the ſe 
of glaſſes. This cafe opens in the middle of its height, 
and the upper part turns up by hinges fixed behind. 
The ſpindle, which is of hard iron, lies horizontally 
from end to end of the box within, exactly in the 
middle, and is made to turn on braſs gudgeons at each 
end. It is round, an inch diameter at the thickeſt 
end, and tapering to a quarter of an inch at the ſmal- 
leſt.A ſquare ſhank comes from its thickeſt end thro! 
the box, on which ſhank a wheel is fixed by a ſcrew. 
This wheel ſerves as a fly to make the motion equable, 
when the ſpindle, with the gläſſes, is turned by the 
foot Tike a ſpinining-wheel, "My wheel, is of mahogany, 
18 inches diameter, and pretty thick, ſo as to conceal 
near its circumference about 2 5lb of lead. An ivory 
pin is fixed in the face of this wheel, and about 4 in- 
ches from the axis. Over the neck of this pin is put 
the loop of the ſtring that comes up from the move- 
able" ſtep to give it motion. The caſe ſtands on a 
iatfraye with tour legu GE 
To fir the glaſſes on the! ſpindle; 'a cork is firſt to 
be fitted in each neck pretty tight, and projecting a 
little without the neck; that the neck of one may not 
touch the inſide df another when put together, for 
chat Seoul ke jig Tſe ors te t0 ba 
8 o 
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perforated with holes of different diameters, ſo as to 
ſuit that part of the ſpindle on which they are to. be 
fixed. When a glaſs is put on, by holding it ſtiffly 
between both hands, while another turns the ſpindle, 
it may be gradually brought to its place. But: care 
| muſt be taken that the hole be not too ſmall, leſt in 
forcing it up the neck ſhould ſplit; nor too large, leſt 
the glaſs not being firmly fixed, ſhould turn or move 
on the ſpindle, ſo as to touch and jar againſt its neigh- 
bouring glaſs. The glaſſes thus are placed one in ano- 
ther, the largeſt on the biggeſt end of the ſpindle which 
is to the left hand; the neck of this glaſs is towards 
. the wheel, and the next goes into it in the ſame poſi- 

tion, only about an inch of its brim appearing beyond 
the brim of the firſt; thus proceeding, every glaſs 
when fixed ſhews about an inch of its brim, (or three 
quarters of an inch, or half an inch, as they grow. 
ſmaller) bey ond the brim of the glaſs that contains it; 
and it is from theſe expoſed parts of each glaſs that 
the tone is drawn, by, laying a finger upon one of them 
45 the ſpindle and glaſſes turn round. 

My largeſt glaſs is G, a little below the Fen * 4 
common voice, and my tigheſt G, including three 
| compleat octaves. 10 diſtinguiſh "the glaſſes the more 
readily to the eye, 1 have painted the apparent parts 
of the glaſſes | within ſide, every ſemitone White and 
me other notes of the Octave with the ſeven, priſmatic 
- colours, is. C. red'; , orange; E, yellow ; F, green; 
G, blue; A, Indigo; B, purple; and C, red again ;-— 
fo that glaiſes of the ame colour (the white FERPA), | 
are always ockaves to each other. 
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This inſtrument is played upon, by ſitting before 
the middle of the ſet of glaſſes as before the keys of 
a harpſichord, turning them with the foot, and wetting 
— now and. then with « ſpunge and clean water, 
The fingers ſhould be firſt a little ſoaked in water, and 
quite free from all greaſineſs a little fine chalk” upon 
them is ſometimes uſeful, to make them catch the glaſs 
and bring out the tone more readily. Both hands are 
uſed, by which means different parts are played toge- 
ther;--- Obſerve, that the tones are. beſt drawn out when 
the glaſſes turn from the ends of the fingers, not when, 
they turn to them. | 
The advantages of this inſtrument are, that ts tones 
are incomparably ſweet beyond thoſe of any other; that 
they may be ſwelled and ſoftened at pleaſure by ſtronger 
or weaker preſſures of the finger, and continued to 
any length; and that the 1 628 being once well 
tuned, never again wants tu E 
In honour of your muſical Tan unge, 1 have bor- 
rowed from it the name of this i. ment, ls it 
the e ENS, 0 TIES 010 


With great chem and rept, I am, cc. 
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LETTER” X10) 


From Profeſſor Wierazor, to B. F. 


S 18, ; © Cambridge. N.E. Sept. 29, 1762. 
HERE i is an 1 e h relating to electricity 
J in the atmoſphere, which ſeemed new to me, 
though perhaps it will not to you: However, I. will 
venture to, mention it. 1 baye ſome points on the top 
of my houſe, and the wire where it paſſes within-lide 
the houſe is furniſhed TIP 1 1 to your 
method, to give notice of the paſſage of the electric 
fluid. In 1 theſe bells 2 1 ring at — 
proach of a thunder Hog yh SA Toon, r i it. 
begins to rain. Jn. 1 n though 
not very often, ring w 14 . Aus, but, never, 
that I remember, when it rains, "But what was un- 
expected to me was, that, though the bells had not 
rung while it was ſnowin yet. the next d after it 
had done ſnowing, and the weather was cleared up; 
while the ſnow was driven about by a high wind at W. 
or N. W. the bells rung for ſeveral hours (though 
with Itila intermiſſions) as briſkly as ever I knew 
them, and I drew. conſiderable ſparks from the wire. 
This phznomenon I never obſerved but twice, viz. on 


the 3 iſt of January, 1760, and the 3d of March, 1762. 
I am, Sir, &c. 


LETTER 
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LETTER xIIV. 


To a FRIEND. 


Dear SIR, | Ju 20, 1762. 


HAVE peruſed your paper on ſound, and would 
freely mention to you, as you defire it, every 
thing that appeared to me to need correction: But 
nothing of that kind occurs to me, unleſs it be, where 
you ſpeak. of the air as © the. d medium for convey- 
* ing ſound.” Perhaps this is ſpeaking rather too 
poktively, if there be, as I think there are, ſome other 
medinms that will convey it farther and more. readily. 
It is a well-known experiment, that the ſeratching 
of a pin at one end of a long piece of timber, may 
be heard by an car applied near the other end, though 
it could not be heard at the ſame diſtance through the 
air,---And two ſtones being ſtruck ſmartly together 
under water, the ſtroke may be heard at a greater 
diftance by an car alſo placed under water in the ſame 
riwer, than it can be heard through. the air. I 
think I haue heard it near a mile; bow mueh far- 
ther it may be heard, I know: not; bat ſuppoſe a 
great deal farther, becauſe the found: did; not feet, 
é fame, as/if at a diſtance, like diſtant founds; through 
nin bas ſmart and „ ab if rr 
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the ear. I wiſh you would repeat theſe experiments 
now you are upon the ſubject, and add your own 
obſcrvations.---And if you were to repeat, with your 
naturally exact attention and obſervation, the com- 
mon experiment of the bell in the exhauſted receiver, 
poſſibly ſomething new _ occur to you, in con- 
ſidering, 

1. Whether the experiment is not eres 1 
whether the gradual exhauſting of the air, as it creates 
an increaſing difference of preſſure on the outſide, 
may not occafion in the glaſs a difficulty of vibrating, 
that -renders it leſs fit to communicate to the air 
without, the vibrations that ſtrike it from within; 
and the diminution of the ſound ariſe from chis n 
rather than from the diminution of the air? in 

2. Whether, as the particles of air thenſfetves are 
at a diſtance from each other, there muſt not be ſome 
medium between them, proper for conveying ſound, 
ſince otherwiſe it would ſtop at the firſt particle? 

3. Whether the great difference we experience in 
hearing ſounds at a diſtance, when the wind blows 
towards us from the ſonorous body, or towards that 
from us, can be well accounted for by adding to or 
ſubſtracting from the ſwiftneſs of ſound, the degree 
of ſwiftneſs that is in the wind at the time? The 
latter is ſo ſmall in proportion, that it ſeems as if it 
could ſcarce produce any ſenſible effect, and yet the 
difference is very great. Does not this give ſome 


hint, as if there might be a ſubtle fluid, the con- 
Te of:bund, which moves at different times in 
| different 
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different directions over the ſurface of the earth, and 
' whoſe motion may perhaps be much ſwifter than that 
of the air in our ſtrongeſt winds; and that in paſſing 
throygh air, it may communicate that motion to the 
air which we call wind, though a motion in no degree 
ſo ſwift as its own? + 

4. It is ſomewhere related, that a piſtol fired on 
the top of an exceeding high mountain, made a noiſe 
like thunder in the valleys below. Perhaps this fact is 
not exactly related: but if it is, would not one ima- 
gine from it, that the rarer the air, the greater ſound 
might be produced in it from the ſame cauſe? ' 

5. Thoſe balls of fire which are ſometimes | ſeen 
paſſing over a country, computed by philoſaphers to 
be often 30 miles high at leaſt, ſometimes burſt: at 
that height; the air muſt be exceeding rare there, and 
yet the exploſion produces a ſound that is heard at 
that diſtance, and for 70 miles round on the ſurface 
of the earth, ſo violent too as to ſſrake buildings, and 
give an apprehenſion of an earthquake. Does not 
this look as if a rare atmoſphere, almoſt: TON 
was no bad conductor of ſound ? 

I have not made up my own 2 theſe points, 
| and ee mention them for "= — know- 
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LEE T TER XIV. 


120 Dr. P. in London.” 


R. 20 FPhiladaphie, De 45 3 8 | 
\ URING our paſſage to Madeira, the weather 
being warm, and the cabbin windows con- 
Rantly open for the benefit of the air, the candles at 
night flared and run very much, which was an incon- 
veniente:/!"At Madeira we got oil to burn, and with 
a common glaſs tumbler or beaker, flung in wire, 
and ſuſpended: to the cieling of the cabbin, and a 
little wire hoop for the wick, - furniſhed with ' corks 
to float om the oil, I made an Italian lamp, th 
us very good light all over the table. The os oh at 
bottom Contained water to about one third of its 
height; another third was taken up with oil; the 
reſt was left empty that the ſides of the glaſs might 
the flame from the wind. There is nothing 
po ran in all this; but what follows is particular. 
ſupper, looking on the lamp, I remarked, that 
GT the ſurface of the oil was perfectly tranquil, 
— preſerved its poſition and diſtance with re- 


ar to the brim of the glafs, the water under the 
oil was in great commotion, riſing and falling in irre- 

waves, which continued during the whole even- 
A1 | ing. 
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mg: The amp Was kept I a Watch lig th tall tall 
- My the Eik aas Apent, and the water 25 65 
7 int tlie Wenig J obſerved, that thous 25 

inbtiön of the Iilp⸗ continued the- fame, the 9908 

now quiet, and its fürface as tranquil. as "that. of. 

ei had been thel evening before. At ni ght 7 a, 
when 611 was piit*apsh Sy the water reſted Its irre 

gular motions, 2 high Waves altöſt to khe für- 

face of the oil, but without diſturbing the ſmooth 

level of that ſurface.” And this was repeated every 8 


day during the voyage. 


experiment frequently thus. 1 — put a pack- thread 
round a tumbler, with ſtrings of the 41 00 from each 


ankle f he 199 of W. lin; Ty — anti 


buche | 
in as much water as would fill about one third part of 
the tumbler, I lifte@3it up. by thek not. and ſwung it 
to and fro in the air; when the water appeared to 
keep its place in Fr Pres: as. ſteadily as if it h 

5 1625 ut po rig ene in oe IF wa 

boyt as high Al, * en © Sale 185 0 i 
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| 225 — y e, ee to the e of 5 it N. 
Pater under e pitt Wh the ſame 5 
mjottoris * a8 af fed. * 
— — — ewe this expevithcht my number f 138 
rſons. 4 Hole who arc B it 1 acquainted 
ek when ples” of tyardffarye are apt to 
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prion empt to explain It. but their explanations have 
<tifferent, and to me not very intelligible. 
Others my ore deeply, Killed in,;thoſs principles, ſecm 
ko. wonder at it, — promiſe. to. conſider it. And 1 
think it, Ap conſidering : For. a new n 
1 se Wan by our old principles, may 
A us 
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Have juſt tel that in one. of dur g 
- ſtorms of lightning, I ſaw. ly as 
I never ohlerved. before, nor ever heard. d 
am perſuaded that 1 ſaw the Yaſh. 2 ſtruck 85 
Bride's ſteeple, Sitting at my window, and loc 
to the north, I ſaw what appeared to me a ſolid 
ſtreight rod of fire, moving at, a very ſharp, ge 
with the horizon, It appeared to my 73 as about 
two inches diameter, and had nothing of the zigeaag 
4 W motion. I . 1 a perſon An 
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with me, that fome place muff be ſtruck at that in- 
ſtant. I was ſo much ſuprized at the vivid: diſtinct 
appearance of the fire, that 1 did not hear the clap of 
thunder, which ſtunned every one befides, Cotiſider- 
ing how. low it moved, I could not have thought it 
had gone ſo far, having St. Martin's, the New Church, 
and St. Clement's ſteeples in its way. It ſtruck the 
| ſteeple a good way from the top, and the firſt impreſ- 
ſion it made in the fide is ur the ſame direction I faw 
it move in. It was fucceeded by two flaſhes, almoſt 
united, moving in 4 pointed direction. There were 
two diſtinct houſes ftruck in Effex-ftreet. I ſhould 
have thought the rod would have fallen in Covent- , 
garden, it was fo low. Perhape the appearance is 
nn e never before dee 


'L K E R XVI. 
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— ** may acquaint the gestleman that deſired 
you to enquire my opinion of the beſt method of 
ſecuring. a. powder magazine from lightning, that I 
r do better than to erect a maſt not 
Mm m 2 far 
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far from it, which may reach 15 or 20 feet above the 
top of it, -with-a thick iron rod in one piece faſtened 
to it, pointed at the higheſt end, and reaching down 
through the earth till it comes to water, Iron is a 
cheap metal; but if it were dearer, as this is a pub- 
lick thing, the expence is. inſignificant; therefore I 
would have the rod at leaſt an inch thick, to allow for 
its gradually waſting by ruſt; it will laſt as long as 
the maſt, and may be renewed with it. The 5 
point for five or ſix inches ſhould be gilt. 

But there is another circumſtance of importance to 
the ſtrength, goodneſs and uſefulneſs of the powder, 
which does not ſeem to have been enough attended 
to: I mean the keeping it perfectly dry. For want 
of a method of doing this, much is ſpoilt in damp 
magazines, and much ſo damaged as to become of 
little -value.---If inſtead of barrels it were kept in 
caſes of bottles well corked; or in large tin caniſters, 
With ſmall covers ſhutting cloſe by means of oiled 
paper between, or covering the joining on the caniſter ; 
or if in barrels,” then the barrels Jined with thin ſheeg 
lead; n moiſture in either of theſe methods could 
poſſibly enter the powder, ſince glaſs and metals are 
both impervious to water. 

By the latter of theſe means you "ſee tea is brought 
dry and criſp from China to Europe, and thence to 
America, though it comes all the way by ſea in the 
damp hold of a ſhip. And by this method, graim, 
meal; Kc. if well dried before it is an ur. ay ** 

rat agys found nd 890d. b ct ved. 
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There is another thing very proper to line ſmall 
barrels with; it is what they call tin-foil, or leaf tin, 
being tin mill'd between rollers till it becomes as thin 
as paper, and more pliant, at the ſame time that its 
texture is extremely cloſe. It may be applied to the 
wood with common paſte, made with boiling water 
thickened with flour; and ſo laid on, will lie very 
cloſe, and ſtick well: but I ſhould prefer a hard ſticky 
varniſh for that purpoſe, made of linſeed oil much 
boiled. The heads might be lined ſeparately, the tin 
wrapping a little round their edges. The barrel, while 
the lining is laid on, ſhould have the end hoops. lack 
ſo that the ſtaves ſtanding at a little diſtance from each 
other may admit the head into its groove. The tin- 
foil ſhould be plyed into the groove. Then one head 
being put in, and that end hooped tight, the barrel 
would be fit to receive the powder, and when, the. other 
head is put in, and the hoops drove up, the powder 
would be ſafe from moiſture even if the barrel were 
kept under water. This tin- foil, is but about 18 pence 
ſterling a pound, and is ſo extremely thin, that I ĩma- 
gine a pound of it would line my or ar ae 
barrels. A tar y . 
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To Mike $—n, at . anflead.. 


Kn af3 | Oran br, May 17, 1 
Send my good girl the books I mentioned to 
her laſt night. T beg her to accept of them as a 
mall mark of my efteem and friendfhip. ' They are 

written in the famifiar eaſy manner for ' which the 
French are fo remarkable, and afford a good deal of 
philoſophic and practical knowledge, unembarraffed 
with the dry mathematics uſed by more exact reaſoners, 
but which is apt to difcourage young beginners.---F 
would adviſe you to read with a pen in your hand, and 
enter in a little book ſhort hints of what you find that 
is curious, or that may be uſeful ; for this will be the 
beſt method of imprinting fach particulars in your 
memory, where they will be ready, either for practice 
on ſome future occaſion, if they are matters of utility, 
or at leaſt to adorn and improve your converſation, if 
they are rather points of curioſity.— And, as many of 
the terms of ſcience are ſuch as you cannot have met 
with in your common reading, and may therefore be 
unacquainted with, I think it would be well for you 


to have a goodD ictionary at hand, to conſult imme- 
diately 


— 
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diately when you meet with a word you do not com- 
prehend the preciſe meaning of. This may at firſt 
ſeem troubleſome and interrypting ;. but tis a troyble 
that will daily diminiſh, as you will daily kad les End 
leſs occaſion for your Dictionary as you become more 
acquainted with the, terms z ad in the mean time you 
will read with more — becauſe with more 
underſtanding. When any point occurs in which you 
would be age to have far er information than your! 
book affords you, I rj vou would. not in the leaſt ap- 
prehend that I ſhould think it a trouble to receiye. any 
anſwer your queſtions. It will be 4 pleaſure, and 0 
trouble. For though I meh. not be able, gut of my, 
own little ſtock of knowledge to afford: you what you, 
require, I can eaſily diredt you to heros W berg it way l 


moſt readily be found. Adieu, and rf: 2 
* dear frien 25 i 2: 1755 0 td. ont 40 61 A 9111 
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There are indee 1/1 2M in which the 
body of met unh the lower end is contained 'in a 
cloſe leather bag, an 10 the air cannot come into im- 
mediate contact with the mercury; yet the ſame effect 
is produced. For the leather being flexible, when the 
bag is preſſed by any additional weight of air, it con- 
tracts, and the mercury is forced up into the tube,. 
ent the air becomes lighter, and its preſſure leſs, the 

weight of the mercury prevails, and it deſcends again 
into the bag. 

Your obſervation on what you have lately read con- 
cello wes is. very juſt and ſolid. Superficial minds 

. $i | are 
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de apt to deſpiſe thoſe who make that part of the 
ereation their ſtudy, as mere triflers; but certainly the 
World: hastbeen much obliged to them. Under the 
.eare- and! management of man, the labours of che 
little Silldworm afford employment and ſubſiſtence to 
thouſando of families, and become an immenſe article 
af commerce. The Bee, too, yields us its delicious 
honey, and its wax, uſeful to a multitude of purpoſes. 
Another inſect, it is ſuid, produces the Cochineal, from 
whence we have onde ſcarlet dye The uſefultichs 
of the Cantharides, or Spaniſh' flles; in medieine, 1s 
Knowen to ak, and thouſands' ow tlleir lives to that 
knowledge. By human induſtry and "obſervation, other 
properties of other itiſett: may poſſibly be hereafter 
diſcovered, and of equal utility.” A'thorou acquaint- 
auce Wich the nature of theſe little creatures Pay 
alſo enable mankind vo: prevent the idcreaſe of 
are | noxious; ot ſecure os Againſt the anfchicfs' Oey 
occaſion.-! Theſe thifigs. doubHeſs" for books Hake 
mention of 2: I. can only add a partievilar kate inffanice 
which 1 had from a Swediſh gentlemant of good cte- 
dit. clue green timber intended for ſfrip-Duilding at 
the kings yards in, that country; Hnd of wotrns Were 
found which * year became tore” nu meroti and 
more oy ag "that the (ipe" were gre: "ae 
magud bafdre they; exme into uſe, Phe kihg fend Tri 
mus, great Haturaliſt, from from Stäckhiblm, (t6 En- 
quire into the affair, and ſrelit te RE was: capa- 
ble of any» remedy;'>(He: found; b 'erathinetion; that 
the worm was produced from a ſmall egg, depoſited in 
the lintle roughneſſes on the ſurface of the wood, by a 
4ATTA - Nnn 'particular 
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Particular kind: of by or dedilets from whence the 
worm, as Ton 8. it was hatched, began to eat info the 
ſubſtance of the wood, and after ſome time dame cut 
again a fly of the parent kind, and ſo the ſpecies in 
creaſed. The ſeaſon in which the fly laid its eggs, Lin- 
næus knew to be about a fortnight (I think) in the 
month of May, and at no other time in the year. 
therefore adviſed, that ſome days before that ſeaſon, 
all. the green timber ſnould be thrown into the water, 
and kept under water till the ſeaſon was over. Which 
| being done by the king's, order; the flies miſſing their 
uſual. neſts, ; could not increaſe ; and the ſpecies was 
either deſtroyed. or went elſewhere ; and the wood- Was 
en, preſerved, for after the firſt year, it beenme 
and hard for their purpoſe; |. 

'T here is, however, a prudent moderation 405 be uſed 
in ſtudies of this kind. The knowledge of nature may 
be ornamental, and it. may be uſeful; but if to attain 
an eminence in that, We neglect the knowledge and 
practice of eſſential duties, we deſerve reprehenſion. 
For there is no rank in natural knowledge df equal 
dignity and importance of that of being a gobd parent, 
a 11 child, a good huſband or wife, a good neigtibour 
or friend, à good, ſubject or citizen, that is, in ſluort, a 
good. chriſtian. Nicholas Gimerack, therefore; who: 
: neglected 8 care of his family to purſue : butterſties, 
as a juſt object of ridicule, and we u Aart him 
up as, fait game to the ſatyriſt : 
38419 M en kriend. and believe. me ever; 10 51 
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[- Have your agreeable letter from; Briſtal, which I 
take this firſt leiſure hour to. gp uh having for 
ſome time been, much engaged in huſin es. 
Your, firſt queſtion, 'What is the. reaſon the\ water at 
this Place, though cold at, the ring: becomes; warm by pump=. 
ing? It, will. be moſt prudent in me to. forbear attempt- 
o anſwer, till, by a more circumſtantial account, 
—4 ure me of the fact. I own I ſhould. expect that 
operation to warm, not ſo much the water pumped, 
as the perſon — rubbing of dry ſ . to 


the like effect has +l. et, that [ have heard, "beck 
prottiicedby the mere” Aeon ö Huis, — 
of fluids with ſolids. Water in a bottle ſhook for 

ſible: addition of beat: The prodbcbnrf mim! heat! 
by exerciſe, is therefore to be; accounted for in ano- 
ther manner, Which I may hereafter endeavour 05 
make you acquainted with. 10 itaus] glow nr n 

This prudence of not attempting to ak eat 
before one i8 ſure of facts, I learnt from one of you,᷑ 
tp | Nnnz2 ſex, 
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8 as  Selden tells, us, being! in company XY 
| ſome gentiemen "that were viewin g, and "conſidering 
ſomething which 2 they, called a Chingſe ſhoe, and 5 
 putigg Farneſtly;q bout the manner of wearigg it, and 
bo it could poſſibly be put on; put in her word, and 
ſaid modeſtly, Gentlemen, are: you fore it is 4 "/poe - 
Should not that be ſettled ft? 8 
| But I hall now endeavour to explain =P: I faid to 
Fon about the tide" in rivers, [an to that erich Gall 
5 e which; though not very iks 4 tive 
may e to convey my. a 4 ca 
_ miles long,” communicating” one end wich the 
. | fea, and filled therefore with fea water. I chuſt 4 (2: 
nal at fiſt, rather than 2 river, to throw out f con 
| fderation the effects FA ge Take m_ of 3 
water from the fand. in cadth, and 
tis crookethety of 1141 fy — = 91 191 
eee et ee 0 1" ton tr O07 008,770; 
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quite full at that place up to the line E. mould ee con- 
clitde that the ratial is e gutt full to the fame  helg 
from end to end, a ang N de there" was as fie 
more water come int the canal. fin nce it was down at 
low-water mark, as would be included in the oblong 
ſpace A, B, G, F, he would be greatly miſtaken. For 
the tide is a Wave, and the top 9 of the wave, which 
makes high water, ks well as every other Tower part, 
is progteſtive; and it is high water ſucceſſi vely, but 
not ar the fame time, in all the ſeveral points. De- 
tween G, P, and A, B. And in ſuch 4 length as f 
have mentioned it 14 low Water at F, G, and allo at 
A, B, at or near the ſame ti ne "with its being hi h. 
water at E; fo that the fur ce of the water. in the 
95 5 during that ffrustion, is is prope FEY Tepreſtnted 
curve pricket fine B, FS the other 
9 is 10% Wat EE 25 5. 9 11 5 e 
both a af r A, . K 68 Reap 0 m Be, 
ank che flirfacs. ould tht Be eſcribe 11 1 he" 7 
verteck curve lg e h e e * 
* tis" Med K. ile eile, yo off win ei &a 1 55 ey "tha 
te muſt be very lictle dt aer "th? anal. 


call high water, En ere is at 1098 water, 
nh Bias ae ae 69 8 


$ rot ice ole cat al af the 
fine Fitne, but Ges eſſive 1554 9.1 95 ks 1 if you 
. be. fe on 5 fle tim 8545 1 v 15 


"quantity © Vater at differ nt, 52 75 
a 61 cle 5 "ite would "only. be bx waves a fe 
Aut l t "lathe, 8 75 inſtead of < one, ant e 15 


tows m the water Would be equa to the hills. 
* That 
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That this is, not mere theory, but, conformable to, 
fact, we know, by our, long rivers in America, The, 
2 on Which Pßhiladei /phia ſtands, i is in this g 

icular ſimilar to the 5 I have ſuppoſed. of one 
wave: For when it is high water at the Capes or 
mouth. of, the river, it is alſo high water at Phila- 
delphia; which ſtands about 140 miles from the.ſea, 
and CRONE is at the ſame time a low water in the mid- 
dle f between the two high waters T where, when it | 
water at the Capes and at Philadelphia. And. the longer 
rivers have, ſome a wave and half, ſome two, three, 
or four waves, according to their length.—In the 
ſhorter rivers of this iſland, one may ſee the ſame 
ng, in part : for inſtance, it is high water at 

Gravgſend an hoy r before it 1s high. water, at, London, 
Bridge; ; and 20 miles below Graveſend : an hou before 
it is high water at Graveſend., Therefore at time 
of high water at Graveſend the top of the wave is 
A and the water is 1 55 not fo, high 7e pl 
where the top of t e wave was an, hy hour befgre,,; or 
where it will be ah hour after, as It is Juſt then at 
Graveſend. . . "5M 

Now ,we are not wy o fappoſe, that Keauls che t (well 
of top of the wave runs at the rate of 20 miles an 
hour, that therefore the current or water itſelf of 
which the wave 18 compoſed, runs at that rate. Far 
from it. To conceiye this motion of a Wave, make 
a ſwall e experiment or t two. Faſten one end of. a cord 
in a window near the top of a. houſe, and let, the 

other 


«Sd 4 


Ob gli, Subjettr., 36% 


ocker bud the down to the ground; take this end in 
Handy! Aiſd you may, by a ſudden motion; octaſion a 

Wavt irt the cord that will run quite up to the win- 
65 5 J But! though che wave is ptogreflive from your 
Hand to the Window; the parts of the rope do not 
proceed with the wave, but remain Where they — — 
except only that kind 'sf. motion” that produces the 


wave?--80 if you throw a ſtont᷑ into a pond of water 


when the ſurface is ſtill and ſmooth; vo will ſee A 
eireular wave proceed from the ſtone as its center, 
quite to the ſides of the pond but the Water Aves 
not proceed with the Wave, it only riſes and falls to 
form it in the different parts of its courſeg and the 
waves that follow the firſt, all make uſe of the ſame 
Wuter wir their predeceſſors. N bet Di IR „ 
But a Wave in the Water is not indeed ina (Grcum- 
ſtances exactly like that in a cord; for water being a 
fluid, and gravitating to the earth, it naturally runs 
from a higher place to a lower, therefore the parts 
of the wave in wäter do actual ren a little both 
ways from its top towards its lower fides, Which the 
of the wave in the cord cannot do. Thus when 
it is high and ſtanding water at Graveſend; the water 
20 miles below has been running ebb, or towards the 
ſen for an hour, or ever ſinee it was high water there; 
but the water at Lendm- Bridge will run flood or from 
the ſea yet another hour, till it is high Water, or the 
top of the wave arrives at that bridge, and then it 
will have run ebb an hour at Greutſend, &. & c. Now 
2 — motion of the water; occafloned only by its 
ond the gravity, 
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gravity, or e =p from à bightt, place 9.4 
lower, is by no means ſo ſwift as the n motion. of, the 
wave. It. carce Exceeds lth thy mies, an AN 
hour. I it rent as the wave dogs twenty miles, an 
hour, o ſhips, could ride at nncher in. ſuch a ftrRami 
nor boats. row againſt it. WBW on I 93997 
In. cemmon »in current df the 
water both. ways, fram the top of the wave is called 
(he, fia thus we ſay, the tide rang irong,, the. nde runs 
at. the gate of, one, po, qr threp. miles an Hur, po} 
when-we-are. at à part of the river behind the fta of 
the waye;, and find, the water lower than high- aten 
been towards the fen we. lay, tbe ties 
runs, eben dd when. we are before-, the top: of the 
wave, and find the water higher than low- water mark. 
ang running from the ga, we ſay valbe tide, nuns Land; 
hut eee only: Jagally proper; for 2 
tide, ſtrictly ſpeaking. is aus whoa weve, inchiding all 
its parts higher. and Auer; and theſe _ lwcgred, 
one, angthgr about t Mice in a4 henrs. 3 10 
This motion of the water oecalioned, by 5d Grpvitys, 
wall explare to. you why the, water near the; mouths; 
af river / may be falter at high water than at low,; 
- Some of. the ſalt Water, a8 the tide. Wave ente the 
river, xuns from its top and fore ſide, and mixes with 
the freſn, and alſa puſhes it hack up the river, 
Suppoſing that the water commonly kuns during 
the flogd at the kate of two miles in an haur, and 
that the. flogd F406; fxg hours, you fee; that it an 
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equal to the ſpace included in the breadth of the 
canal, ten miles of its length, and the depth between 
low and high-water mark, which is but a fourteenth 
part of what would be neceſſary to fill all the ſpace 
between low and high- water mark, for 140 miles, 
the whole length of the canal. 
And indeed ſuch a quantity of water as would fill 
that whole ſpace, to run in and out every tide, muſt 
create ſo outrageous a current as would do infinite 
damage to the ſhores, ſhipping, &c. and make the 
navigation of a river almoſt impracticable. 

I have made this letter longer than I intended, and 
therefore reſerve for another what I have further to 
ſay on the ſubject of tides and rivers. I ſhall now 
only add, that.I have not been exact in the numbers, 
becauſe I would avoid perplexing you with minute 
calculations, my defign at preſent being chiefly to give 
you diſtinct and clear ideas of the firſt principles. 

After writing fix foho pages of philoſophy to a 
young girl, is it neceſſary to finiſh ſuch a letter with 
a compliment ?z--Is not ſuch a letter of itſelf a com- 
pliment ?---Does it not ſay, ſhe has a mind thirſty 
after knowledge, and capable of receiving it; and 
that the moſt agreeable things one can write to her 
are thoſe that tend to the improvement of her under- 
ſtanding ?=--It does indeed ſay all this, but then it is 
ſtill no compliment; it is no more than plain honeſt 
truth, which is not the character of a compliment. 

80 if I would finiſh: my letter in the mode, I ſhould 
2 * m nothing, and nn 

O O o civil 
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civil and polite.---But being naturally aukward at 
ny circurnſtance of ceremony, I ſhall not attempt 

I had rather conclude abruptly with what pleaſes 
— more than any eompliment can - Loom You, that : 
am allowed to e l 
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well at Brifol is warmer after ſometime pumping, 
IT in your manner of accounting for that increaſed 
warmth very ingenious and probable. It did: not 


occur to me, and therefore I doubted of the fact. 
Vo are; I ink, quite right in your opinion, that 


he riſing of doe See in EW SE cnlghts the 
immediate 
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immediate influence of the moen on the rivers. It is 
rather a ſubſequent effect of the influence of the 
moon on the ſea, and does not make its appearance 
in ſome rivers till the moon has long paſſed by. I 
have not exprefled myſelf clearly if you have under- 
ſtood me to mean otherwiſe. You know I have men- 
tioned it as a fact, that there are in ſome rivers ſeveral 
tides all exiſting at the ſame time; that is, two, three, 
or more, high-waters, and as many low-waters, in 
different parts of the ſame river, which cannot poſſi- 
bly be all effects of the moon's immediate action on 
that river; but they may be ſubſequent effects of her 
action on the ſea. 

In the encloſed paper you will find my ſentiments 
on ſeveral points relating to the air, and the evapora- 
tion of water. It is Mr. Collinſon' s copy, who took 
it. from one J ſent through his hands to a correſpon- 
dent in France ſome years ſince; I have, as he deſired 
me, corrected the miſtakes he made in tranſcribing, 
and muſt return it to him; but if you think it worth 
while, you may take a copy of it: I would have faved 
you any trouble of that kind, but had not time. 

Some day in the next or the following week, I pur- 
poſe to have the pleaſure of ſeeing you at Vunſead; 
I ſhall accompany your good mama thither, and ſtay 
till the next morning, if it may be done without in- 
commoding your family too much. We may then 
diſcourſe any points in that paper that do not ſeem 
clear to you; and taking a walk to lord Tiley 
mn 1 a few. experiments there to explain the 


OO O 2 nature 


468 LT TERRA and Papers 


nature of the tides more fully. In the mean time, 
believe me to be, with the higheſt eſteem and regard, 
your lincerely': affectionate friend, 


B. FRANKLIN. 


LETTER LII. 


7 the ſame. 


_ - Craven-ſireet, Aug. 10, 1761. 


E are to ſet out this week for Holland, where 
we may poſſibly ſpend a month, but purpoſe 
to be at home again before the coronation. I could 
not go without taking leave of you by a line at leaſt, 
when I am ſo many letters in your debt. | 

In yours of May 19, which I have before: me, you 
ſpeak of the eaſe with which ſalt water may be made 
freſh by diſtillation, ſuppoſing it to be, as I had ſaid, 
that in evaporation the air would take up water but 
not the ſalt that was mixed with it. It is true that 
diſtilled ſea water will not be ſalt, but there are other 
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diſagreeable qualities that riſe with the water in diſtil- 
lation; which indeed ſeveral beſides Dr. Hales have 
endeavoured by ſome means to prevent ; but as yet 
their methods have not been brought much into uſe. 

L have a ſingular opinion on this ſubje&, which'I 
will venture to communicate to you, though I doubt 
you will rank it among my whims.---It is certain that 
the ſkin has imbibing as well as diſcharging pores ; wit- 
neſs the effects of a bliſtering plaiſter, &c. I have 
read that a man. hired by a phyſician to ſtand by way 
of experiment in the open air naked during a moiſt 
night, weighed near three pounds heavier in the morn- 
ing. I have often obſerved myſelf, that however thirſty 
I may have been before going into the water to ſwim, 
I am never long ſo in the water. Theſe imbibing 
pores, however, are very fine, perhaps fine enough in 
filtring to ſeparate ſalt from water; for though I have 
ſoaked (by ſwimming, when a boy) ſeveral hours in 
the day for ſeveral days ſucceſlively in ſalt water, I 
never found my blood and juices falted by that means, 
ſo as to make me thirſty, or feel a ſalt taſte in my 
mouth : And it is remarkable that the fleſh of ſea fiſh, 
though bred in falt water, is not falt.---Hence I ima- 
gine that if people at ſea, diſtreſſed by thirſt' when 
their freſh water is unfortunately ſpent, would make 
bathing-tubs of their empty water caſks, and filling - 
them with ſea water, fit in them an hour or two each 
day, they might be greatly relieved. Perhaps keeping 
their cloaths conſtantly wet might have an almoſt equal 
| effect ; and this' nn danger of catching cold. ' 8 
do 
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do not catch cold by wet cloaths at ſea, Damp but 
not wet linen may poſſibly give colds ; but no one 
catches cold by bathing, and no cloaths can be wetter 
than water itſelf. Why damp cloaths ſhould then 
occaſion colds, is a curious queſtion, the diſcuſſion of 
which I reſerve for a future letter, or ſome future con- 


verſation. 


Adieu, my little philoſopher. Preſent my reſpectful 
compliments to the good ladies your aunts, and to 
miſs Pitt; and believe me ever 

Wiur affettionate friend. 
* and humble Servant, | 
g 7 B. FRANKLIN. 


—— 
— * — * m 
—— 


LETTER LM. 


To the Gin 


Londen, March 22, 1762, 


Muſt retract the charge of idleneſs in your ſtudies, 

when I find you have gone through the doubly 

difficult taſk of reading ſo big a book, on an abſtruſe 
ſubject, and in a foreign language. 

In anſwer to your queſtion concerning the Leyden 
phial.---The hand that holds the bottle receives and 
conducts away the electric fluid that is driven out of 

the 
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the outſide by the repulſive power of that which is 
forced into the infide of the bottle. As long as that 
power remains in the ſame ſituation, it muſt prevent 
the return of what it had expelled; though the hand 

would readily ſupply the qacatiey if it could be re- 
ceived. 


Your alain friend, 
wha Jon ; B. PA. 
— — 8 5 
L. E ＋ T E R I. 
To the fame, W 
lle oh ELIE 10. 


E . you alk me is a very ſenſible one; 
1 and I fhall be glad if 1 can give you a ſatisfae⸗ 
ory | be: There are two ways of contracting a 
chimney ; one; by contracting the opening before the 
fire; the other, by contracting che funnel ad the 
fire. If the funnel above the fire is left pen in its 
full dimenſions, and the opening before the five is eon- 
tracted: then the coals, I imagine, will burn faſter, 


becauſe more air is directed through the fire, and in a 


ſtronger ſtream 3 that air which before paſſed « over it, 


and: oz cach-Gde bf it now--paſhng tbr it. This is 
ſern in narrow ſtove chimneys, when a ſacheverell or 
blower 


— 
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blower is uſed, which ſhll more contracts the narrow 
opening. But if the funnel only above the fire is con- 
tracted, then, as a leſs ſtream of air is paſſing up the 
chimney, leſs muſt paſs through the fire, and conſe- 
quently it ſhould ſeem that the conſuming of the coals 
would rather be checked than augmented by ſuch 
contraction. And this will alſo be the caſe, when 
both the opening before the fire, and the funnel above 
the fire are contracted, provided the funnel above the 
fire is more. contracted in proportion than the opening 
before the fire.---So you ſee I think you had the beſt 
of the argument; and as you notwithſtanding gave it 
up in cmplaiſance to the company, I think you had 
alſo the beſt of the diſpute. There are few, though 
convinced, that know how to give up, even an error, 
they have been orice engaged. in maintaining; there is 
therefore the more merit in dropping a conteſt where 
one thinks one's ſelf right; tis at leaſt reſpectful to 
thoſe. we; converſe with. And indeed all our know- 
ledge is ſo imperfect, and we are from a thouſand 
cauſes ſo perpetually ſubject to miſtake and error, that 
poſitiveneſs can ſcarce ever become even the moſt 
knowing; | and modeſty in advancing. any opinion, 
however plain and true we may ſuppoſe it, is always 
decent, and mee more wp to A rar aſſent. 
Pope's Rule, att f 0 x 
To ſin, "though fore, hath honing oc! 


«+. * # + 3+ 4D 89 + 4 


is therefor agood 0 ones; andif I had ever ſeen in 1 
e en converſation 


*F.s - * 9 
* * 
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converſation the leaſt deviation from it, I ſhould 
earneſtly recommend it to your obſervation. 


I an, &c. 


\ B. FRANKLIN: 


1. ET TEA LV. 
To Mr. O. N. 


Dear SIR, 


Cannot be of opinion 6 with you that it is too late 

in life for you to learn to ſwim. The river near 
the bottom of your garden, affords a moſt convenient 
place for the purpoſe. © And as your new employment 
requires your being often on the water, of Which you 
have ſuch a dread, I think you would do well to make 
the trial; nothing being ſo likely to remove thoſe ap- 
prehenſions as the conſciouſneſs of an ability to ſwim 
to the ſhore, in caſe of an accident, or of ſupporting 
yourſelf 1 in the water till a boat could c come to take 


® = 1. 
you. _— x 3 
P 1 — * 9 1 © x 
9 3 . 0 '4 "2&8 L Try 40 7 


210 1 el * I do 


- 
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Ido not know:hbw: far corks or bladders: may be 
uſeful in learning to fwim, having never ſeen much 

trial of them. Poſſibly they may be of ſervice in ſup- 
* porting the body while you are learning what is called 
—_ the ſtroke, or that manner of drawing in and ftriking 
out the hands and feet that is neceſſary to produce 
progreſſive motion. But you will be no ſwimmer till 
you can place ſome confidence in the power of the 
water to ſupport you; I would therefore adviſe the 
acquiring that confidence in the firſt place; eſpecially 
as I have known ſeveral who, by a little of the prac- 
tice neceſſary for that purpoſe have inſenſibly acquired 
the ſtroke, taught as it were by nature. 

The practice I mean is this. Chuſing a place where 
the water deepeng gradually, walk coolly into it till it 
is up to your breaſt, then turn round, your face to 
the ſhore, and throw an egg into the water between 
you and the ſhore. It will fink to the bottom, and be 
ealily ſeen there, as your water is clear. It muſt lie 
in water ſo deep as that yau, cannot. reach it to take 
it up but by diving or it. To encourage yourſelf in 

order to do this, reflect that your progreſs will be 
from deeper to ſhallower water, and that at any time 
you may, by bringing your legs under you and ſtand- 
ing. on. the Won, raiſe your head far above the 

water. Then plunge under it with your eyes open, 

threwing yourſelf towards the egg, and endeavouring 
by the action of your, hands and feet againſt the water 
to get forward ail within reach of it. In this attempt 


yau will find, that the water 2 you up againſt 
J your 
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your inclination; that it is not ſo eaſy a thing to ſink 
as you imagined ; that you cannot, but by active 
force, get down to the egg. Thus you feel the power 
of the water to ſuppart you, and learn to confide in 
that power; while your endeavours to overcome it 
and to reach the egg, teach you the manner of acting 
on the water with your feet and hands, which action 
is afterwards uſed in ſwimming to ſupport your 1 | 
higher above water, or to go forward through it. 

I would the more earneſtly preſs you to the trial of 
this method, becauſe, though I think I. fativfied you 
that your body is lighter than water, and that you 
might float in it a long time with your mouth free 
for breathing, it you would put yourſelf in a proper 
poſture, and would be ſtill and forbear ſtruggling; 
yet till you have obtained this experimental confidence 
in the water, I cannot depend on your having the ne- 
ceſſary preſence of mind to recollect that poſture and 
the directions I gave you relating to it. The ſurprize 

may put all out of your mind. For though we value 
ourſelves on being reaſonable knowing creatures, rea- 
fon and knowledge ſeem on ſuch occaſions to be of 
little uſe to us; and the brutes to whom we allow 
ſcarce. a glimmoring of either, appear to have the 
advantage of us, 

I will, however, take this opportunity of repeating 
thoſe. . particulars to you, which I mentioned in our 
laſt converſation, as by peruſing them at your leiſure, 
you may poſſibly imprint them ſo in your n as 
on occaſion to be of ſome uſe to you. 
Ppp 2 I, That 


— 
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That though the legs, arms, and head, of a'hu- 
man body, being ſolid parts, are ſpecifically ſomething 
heavier than freſh? Water, yet the trunk, particularly 

the upper part, from its hollowneſs, is ſo much lighter 
than water, as that the whole of the body taken to- 
gether is too light to ſink wholly under water, but 
ſome part will remain above, until the lungs become 
filled with water, which happens from drawing water 
into them inſtead of air, when a perſon in the fright 
attempts breathing es the mouth and reren are 
under water.. 

2. That the legs and arms are ſpecifically lighter 

than ſalt-water,” and will be ſupported by it, fo that a 

human body would not ſink in ſalt-water, though the 

lungs were filled as above, but from the greater ſpe- 

'cific gravity of the head. | 

3. That therefore a perſon throwing himſelf on his 
back in ſalt-water, and extending his arms, may eafily 
lie ſo as to keep his mouth and. noſtrils free for 
breathing; and by a ſmall motion of his hands may 
prevent turning; * . ſhould re ali tetidency 
wo ie. 0? © 

4. That in freſh water, if: a man throws himſelf 
on his back, near the ſurface, he cannot long continue 
in that ſituation but by proper action of his hands on 
the water. If he uſes no ſuch action, the legs and 
lower part of the body will gradually ſink till he 
comes into an upright poſition, in which he will con- 
tinue ſuſpended; "the A il of the breaſt keeping: the 

head 9 


5 But 
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5. But if in this erect pofition, the head f is kept 
upright above the ſhoulders, as when we ſtand on the 
ground, the immerſion. will; by the weight of that 
part of the head that is out of water, reach above 
the mouth and noſtrils, perhaps a little above the 
eyes, ſo that a man cannot long remain faſpended 1 in 
water with his head in that poſition. ' 

6. The body continuing ſuſpended as before, 400 
upright, if the head be leuned quite back, ſo that the 
face looks upwards, all the back part of the head 
being then under water, and its weight eonſequently 
in a great meaſure ſupported by it, the face will re- 
main above water quite free for breathing, will riſe an 
inch higher every inſpiration, and ſink as much every 
expiration, but never ſo low as that the water may 
come over the mouth. 

7. If therefore a perſon unacquainted with ſwim- 
ming, and falling accidentally into the water, could 
have preſence of mind ſufficient to avoid ſtruggling 
and plunging, and to let the body take this natural 
poſition, he might continue long fafe from drowning 
till perhaps help would come. For as to the cloaths, 
their additional weight while immerſed is very incon- 
ſiderable, the water ſupporting it; though when he 
comes out of the water, he would find them very 
heavy indeed. FS, 50 

But, as I ſaid before, I would not adviſe you or 
any one to depend on having this preſence of mind 
on ſuch an occaſion, but learn fairly to ſwim; as I 


wiſh all men were We"? to do in their youth; they 
| would 
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would, on. many occurrences, be the. ſafer far having 
that ſkill, and an, many more the happier, as freer 
from painful apprehenſions of danger, to ſay nothing 

of the enjoyment in ſo delightful and wholeſome an 


_- exerciſe. Soldiers particularly ſhould, methinks, all 


be taught to ſwim; it might be of frequent uſe either 

in ſurpriſing an enemy, or ſaving themſelves, And if 
1 had now boys to educate, I ſhould prefer thoſe | 
ſchools (other things being equal) where an oppor- * 
tunity was affarded for acquiring ſo advantagequs an 
art, which onee learnt 3 in herer forgotten. 


NP Lan, Sir, Ge. A 
3 4 þ 1 N B. F. 
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To Miſs 8 7, | at Wanſtead. 
My dear Friend, sr. 20, 1761. 


T is, as you obſerved in our laſt converſation, a 

very general opinion, that all rivers run into the ſea, 
or depoſite their waters there. It is a kind of auda- 
city to call ſuch general opinions in queſtion, and 
may ſubject one to cenſure. But we muſt hazard fome- 
thing in what we think the cauſe of truth: And if 
. we propoſe our objections modeſtly, we ſhall, though 
miſtaken, deſerve a cenſure lefs fevere, than. when We 
are both miſtaken and inſolent. 

That fome rivers run into the fin is beyond a 4 
doubt: Such, for inſtance, are the Amazones, and I 
think the Oronoto and the Miſpibi. The proof is, that 
their waters are freſh quite to the fea, and out to 
ſome diſtance from the land. Our queſtion is, whe- 
ther the freſn waters of thoſe rivers whoſe beds are 
filled with ſalt- water for a conſiderable diſtance up 
from the ſea (as the Thames, the Delaware, and the 
rivers that communicate with Cheſapeat-bay in Vir- 
gies: do ever arrive at the ſea? And as 1 _ : 

ey 
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they do not, I am now to acquaint you with my rea- 
ſons; or, if they are not allowed. to be. reaſons: my 
conceptions at leaſt, of this matter. 

The common ſupply of rivers is from ſprings, which 
draw their origin from rain that has ſoaked into the 
earth, The union of a number of ſprings forms a 
river. The waters as they run, expoſed to the ſun, 
air, and wind, are continually evaparating. Hence 
in travelling one may often ſee where a river runs, by 
a long blueiſh miſt over it, though we are at ſuch a 
diſtance as not to ſee the river itſelf. The quantity 
of this evaporation is greater or leſs, in proportion to 
the ſurface expoſed by the ſame quantity of water to 
thoſe cauſes of evaporation. While the river runs in 
a narrow confined channel in the upper hilly country, 
only a ſmall ſurface is expoſed; a greater as the river 
widens. Now Rif a river ends in a lake, as ſome” do, 
whereby its waters are ſpread ſo wide as that the eva- 
poration is equal to the ſum of all its ſprings, that 
lake will never over-flow :---And if inſtead of ending 
in a lake, it was drawn into greater length as a river, 
ſo as to expoſe a ſurface equal in the whole to that 
lake, the evaporation would be equal, and ſuch river 
would end as a canal; when the ignorant might ſup- 
poſe, as they actually do in ſuch caſes, that the river 
loſes itſelf by running under ground, whereas | in rr 
it has run up into the a ie. 

Nov, many rivers that are open to the ſea; ide 
much before they arrive at it, not merely by the addi- 
tional. waters they receive, but by having their courſe 

* * 


* 
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ſtopped by the oppoſing flood-tide ; by being turned 
back. twice in twenty-four hours, and by finding 
broader beds in the low flat countries to dilate them- 
ſelves in; hence the evaporation. of the freſh water is 
proportionably inereaſed; ſo that in ſome; rivers it 
may equal the ſprings of ſupply. In ſuch caſes, the 
falt-water comes up the river, and meets the freſh in 
that part where, if there were a wall or bank of earth 
acroſs from ſide to ſide; the river would form a lake, 
fuller indeed at ſome times than at others, according 
to the ſeaſons, but whoſe evaporation would, one time 
with another, be equal to its ſupply. | 

When the communication between the two kinds of 
water is open, this ſuppofed wall of ſeparation may 
be conceived as a moveable one, which is not only 
puſhed ſome- miles higher up the river by every flood 
tide from the ſea, and carried down again as far by 
every tide of ebb, but which has even this ſpace of 
vibration removed nearer to the ſea in wet ſeaſons, 
when the ſprings and brooks in the upper country are 
augmented by the falling rains, ſo as to ſwell the 
river, and farther from the ſea in dry ſeaſons 
Within a few miles above and below this move able 
line of ſeparation, the different waters mix a little, 
partly by their motion to and fro, and partly from 
the greater ſpecific gravity of the ſalt- water; which 
inclines it to run under the freſh, while the n 
water, being lighter, runs over the falt. 

. Caſt your eye on the map of North- America, ind 
obſerve. the bay of 'Cheſapeak in Virginia, mentioned 


22a above; 
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above; you will ſee, communicatigg with it by their 
moutha, the great rivers $ \Potewmack, Rap- 
palantrib, York, andi Femes, beſides: a number of ſojalleri 
ſtreams; each as big as the Thames. It has been pro- 
poſed by philoſophieal writers, that to compute how; 
much water any river; diſcharges into the ſea, in a 
given time, we ſhould meaſure it depth and ſwiftneſs 
at any part above the tide; as for the Thames, at 
King ſten or M inaſon. But can gne imagine, that if all 
the water of thoſe vaſt rivers went to the ſea, it would 
not firſt have puſhed the ſalt.oVater out of that ar- 
row- mouthed bi and filled it with freſh?-<-The 54. 
quebanah alone ud ſcem to be ſufficient for this, if 
it were not for the luiſs by evaporation. ee * that 
er is falt —_ wp to ie & ub eee 
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| jou to our nn ſobject, tie Gifferent. * of 
heat imbibed from the ſun's. rays by cloths of different 
colours, fince I cannot find the notes of my experi- 
ment to ſend you, 1 as! Welle —_— 
memory. of E ge} vil hot | 
But firſt let mie meftign 2 experiment n way 
eaſily make yourſelf. Walk but a quarter of atm hour 
in your garden when the ſun ſhines; with a! part of 
your: dreſs white, ant a part black; then apply your 
hand to them alternately, and you will find a very 
great difference in their . e The black will be 
quite hot to the touch, the white ſtill cool. 
Another. Try to fire paper ithabanieggtes. 
If it is white, you. will not eaſily. burn 1t;;+--but if 
GR D 0 v3 you 
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you bring the focus to a: black ſpot, or: upon letters, 
written. or, printed, the paper wall: mmediggel be on 
fire under the letters. | 

Thus fullers and dyers find: black cloths, : of 41.4 
thickneſs with white ones, and hung out equally. wet, 
dry in the ſun much ſooner than the white, being 
more readily heated by the ſun's:rays. It is the fame 
before a fire; the heat of which -ſooner penetrates: 
black ſtockings than white ones, and ſo is apt ſooner 
to burn a man's ſhins. Alſo beer much ſooner warms. 
in a black mug ſet before the fire, than in a white 
one, or in a bright ſilver tankard. 

My experiment was this. I took a We: of little 
ſquare pieces of broad cloth from a taylor's pattern 
card, of various colours. There were black, deep 
blue, lighter blue, green, purple, red, yellow, white, 
and other colours, or ſhades of colours. I laid them 
all out upon the ſno in a bright ſun- ſniny morning. 
In a few hours (I cannot now be exact as to the time) 
the black being warmed moſt by the Jun, was ſunk for 
low as to be below the ſtroke of- the ſun's rays ; the 
dark blue almoſt as low, the lighter blue not quite ſo 
much as the dark;. the. other colours leſs as they were 
lighter ; and the quite white remained on the ſurface 
of the ſnow-not having entered it at all. 

What ſignifies philoſophy that does not apply to 
ſome uſe ?---May we not learn from hence, that black 
cloaths are not ſo fit to wear in a hot ſunny climate 
or ſeaſon, as white ones ; becauſe in ſuch cloaths the 
os is more heated by the ſun when we walk abroad, 
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and we are at the ſame time heated by the exerciſe,” 
which double heat is apt to bring on putrid dangerous 
fevers? That ſoldiers and ſeamen who muſt march and 
labour in the ſun, ſhould in the Eat or Weſt-Indies have 
an/ uniform of white? That ſummer hats for men or 
women, ſhould be white, as repelling that heat which 
gives head-achs to many, and to ſome the fatal ſtroke 
that the French call the Coup de Soleil? That the 
ladies ſummer hats, however, ſhould be lined with 
black, as not reverberating on their faces thoſe rays 
which are reflected upwards from the earth or water? 
That the putting a white cap of paper or linen within 
the crown of a black hat, as ſome do, will not keep 
out the heat, though it would if placed without. That 
fruit walls being blacked may receive ſo much heat 
from the ſun in the day- time, as to continue warm in 
ſome degree through the night, and thereby preſerve 
the fruit from froſts, or forward its growth ?---with 
ſundry other particulars of leſs or greater importance, 
chat will « occur from time to time to attentive minds * 


1 am, 


Wurs 2 onately, 


vert 4B; Francia. 
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Extract of a FO to Lord . at Edinburgh, 
June 2, 1765. 


— . 
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* * In my dae to America I read your excel- 
lent work, the Elements of Criticiſm, in which I found 
great entertainment. I only wiſhed you had examined 
more fully the ſubje& of muſick, and demonſtrated 
that the pleaſure artiſts feel in hearing much of that 
compoſed in the modern taſte, is not the natural plea- 
ſure ariſing fram melody or harmony of ſounds, but 
of the ſame kind with the pleaſure we feel on ſeeing 
the ſurprizing feats of tumblers and rope- dancers, 
who execute difficult things. For my part I take this 
to be really the caſe, and ſuppoſe it the reaſon Why 
thoſe who are unpractiſed in muſick, and therefore 
unacqainted with thoſe difficulties, have little or no 
pleaſure in hearing this muſick. Many pieces of it 
are mere compoſitions of tricks. I have ſometimes 
at a concert, attended by a common audience, placed 
myſelf ſo as to ſee all their faces, and obſerved no 
ſigns of pleaſure in them during the performance of 
a great part that was admired by the performers them- 

ſelves ; 4 
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ſelves; while a plain old Scotch tune, which they diſ- 
dained, and could ſcarcely be pre on to play, 
gave manifeſt and general delight. Give me leave on 
this occaſion to extend a little the ſenſe of your poſi- 
tion, That ” Melody and Harmony are ſeparately 
1 agreeable, and in union delightful,” and to give it 
as my opinion that the: reaſon why the Scotch tunes 
have. lived ſo long, and will probably live for ever (if 
they eſcape being ſtifled in modern affected ornament) 
is merely this, that they are really compoſitions of 
melody and harmony united, or rather that their me- 
lody is harmony. I mean the ſimple tunes ſung by a 
ſingle voice. As this will appear parodoxical, I muſt 
explain my meaning. In common acceptation, in- 
deed; only an agreeable ſicegſiun of ſounds is called 
melody, and only. the co-ext/tence 'of agreeable ſounds, 
harmony. But ſince the memory is capable of retain- 
ing for ſome moments a perfect idea of the pitch of a 
paſt ſound; ſo as to compare with it the pitch of a 
ſucceeding. ſound, and judge truly of their agreement 
or diſagreement, there may and does ariſe from thence 
a ſenſe of harmony between the preſent and paſt 
ſounds, equally pleaſing with that between two pre- 
ſent ſounds. Now the conſtruction of the old Scotch 
tunes is this, that almoſt every ſucceeding emphatical 
note, is a third, a fifth, an octave, or in ſhort ſome 
note that is in concord with the preceding note. 
Thirds are chiefly uſed, which are very pleaſing con- 
cords. Fuſe the word empharical to diſtinguiſh thoſe 
notes which have a ſtreſs laid on them in ſinging the 


tune, 
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tune, from the lighter connecting notes, that ſerve. 
merely; like grammar articles in common N to 
tack the whole together. | 201 
That we have à moſt perfect idea of a Wund juſt 
paſt, I might appeal to all acquainted with muſick, 
who know how eaſy it is to repeat a found! in che 
ſame pitch with one juſt heard. In tuning an inſtru- 
ment, a good ear ean as eaſily determine that two 
ſtrings ate in uniſon by ſounding them ſeparately, as 
by ſounding them together; their diſagreement is alſd 
as Gaſily, I believe I may ſay more eaſily and better 
diſtinguiſhed when ſounded ſeparately; for when 
ſounded together, though you know by the! beating 
that one is higher than the other, you cannot tell 
which it is. I have aſcribed to memory the ability of 
comparing the pitch of a preſent tone with that of 
one paſt. But if there ſhould be, as poſſibly there 
may be, ſomething in the ear ſimilar to what we find 
in the eye, that ability would not be entirely owing 
to memory. Poſfibly the vibrations given to tlie au- 
ditory nerves by a particular ſound may actually con- 
tinue ſome time after the caule of thoſe vibrations is 
paſt, and the agreement or diſagreement of à fubſe- 
quent ſound become by compariſon with them more 
diſcernible. For the impreſſion made on the Viſual 
nerves by a luminous object will continue for t 
or thirty ſeconds. Sitting in a room look earneſtly at 
the middle of a window a little while when the day is 
bright; and then ſhut your eyes; the figure of the 
window will ſtill remain in the eye, and fo diſtinẽt 
that 
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that you. may count the panes. A remarkable cir- 
cumſtance attending this experiment, is, that the im- 
preſſion of forms is better retained than that of co- 
lours; for after the eyes are ſhut, when you firſt diſ- 
cern the image of the window, the panes appear dark, 
and the croſs bars of the ſaſhes, with the window 
frames and walls, appear white or bright; but if you 
ſtill add to the darkneſs in the eyes by covering them 
with your hand, the reverſe inſtantly takes place, the 
panes appear luminous and the croſs bars dark. And 
by removing the hand they are againſt, reverſed. This I 
know not how to account for. -Nor for the follow- 
ing; that after looking long through green ſpectacles, 
the White paper of a book will on firſt taking them 
off appear to have a bluſn of red; and after long 
looking through red glaſſes, a' greeniſh caſt; this 
ſeems to intimate a relation between green and red not 
yet explained. Farther, when we conſider. by whom 
theſe antient tunes were compoſed: and how they were 
firſt: performed, we ſhall ſee that ſuch harmonical ſuc- 
ceſſions of ſounds was natural and even neceſſary i in 
theix donſtruction. They were compoſed by the min- 
ſtrels of thoſe days to be played on the harpyaccom- 
panied by the voice. The harp was ſtrung with wire, 
which gives a ſound of long continuance, and had no 
contrivance like that in the modern harpſichord, by 
which, the ſound of the preceding could be ſtopt, the 
moment a; ſucceeding. note began. To avoid actual 
diſcord, it was therefore neceſſary that the ſucceeding 
mphatia note ſhould be a chord with the preceding, 
as 
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as their ſounds muſt exiſt at the ſame time. Hence 
aroſe that beauty in thoſe tunes that has ſo long 
pleaſed, and will pleaſe for ever, though men ſcarce 
know why. That they were originally compoſed for 
the harp, and of the moſt ſimple kind, I mean a harp 
without any half notes but thoſe in the natural ſcale, 
and with no more than two octaves of ſtrings, from 
Cue, F conjecture from another circumſtance, which 
is, that not one of thoſe tunes really antient, has a 
ſingle artificial half note in it, and that in tunes 
where it was moſt convenient for the voice to uſe the 
middle notes of the harp, and place the key in 5 
there the B, which if uſed ſhould be a B flat, 
always omitted, by paſſing over it with a third. "The 
connoiſſeurs in -modern muſick will fay, I have no 
taſte, but 1 cannot help adding, that I believe out 
anceſtors, in hearing a good ſong, diſtinctly articu- 
lated, ſung to one of thoſe tunes, and accompanied 
by the harp, felt more real pleaſure than is commu. 
nicated by the generality of modern operas, excluſive 
of that ariſing from the ſcenery and dancing. "Moſt 
tunes of late compoſition, not having this natural 
harmony united with their melody, have recourſe to 
the artificial harmony of a baſs, and other accom- 
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The celebrated ge in his Dictionaire de + wee 8 1768, appears 


to have ſimilar ſentiments of our modern Harmony, viz. 

« M. Rameau pretend 1 les deſſus d'une certaine 6mplicits faggireat 
naturellement leur baſſe, & qu'un homme ayant Poreille juſte et non exercee, 
Fern naturellement cette baſſe. C'eſt - làã un prejuge de muſicien, dẽmenti 
KAArT44 Rr r par 


1 


490 RE LeTTERs and Parzxs 


old tunes do not need, and are rather confuſed than 
aided by it. Whoever has heard Janet Ofioald play 
them on his violoncello, will be leſs inclined to diſ- 
pute this with me. I have more than once ſeen tears 
of pleafure in the eyes of his auditors ; and yet, I 
think, even brs playing thoſe tunes wauld Raney n 


* De . n 1 modern ornament. 
3 F am, &c. 
par toute experience. Nen ſeulement_gelui qui n'aura jamais entendu ni 
baſſe ni barmerie, ne trouvera, de luj-meme, ni cette harmonic ni cette baſle z 
mais elles lui déplairont ſi l les lui fait ne & il aimera n 
mleux le im ple uniſſon. 

Quand on ſonge que, de taus Jes ponphes de bs we. qui tous Arens 
que & un chant, les Europtens ſont les ſeuls qui aĩent une harmonie dey accorcs, 
& qui trouvent ce mẽlange agreable ; quand on ſonge que Ie monde a duré 
tant de-fiecles, fans que, de toutes les nations qui ont cultivE les beaux arts, 
aucune ait connu cette harmonie ; qu*aucun animal, qu aucun aiſeau. qu aucun 
etre dans la nature ne produit d autre accord que l'uniſſon, ni d autre muſique 
que la mclodie ; que les langues orientales, ſi fonores, fi muficates; que les 
orcilles Grecques, {+ delientes, ſi ſenſhles, eneretes avec tang datt, ot 
jamais guide ces peuples volu Telugu & paſhonnes vers notre barmonie 3, que, 
fans elle, leur mufique avoit effets fi prodigieux : avec elle la ndtre 
en ai de f foibles; quenſin II Suit rẽſervt & des peuples du Nord) dont les 

dura & ers ſong, plus touchẽs de l eclat & du bryit des, voi. que 
de la douceur des accens, & de la melodie des inflexions, de faire, vette grande 
decouverte, & de la denner pour principe I toutes les: tagles de art; quand; 
dis- je, on fait attention à tout cela, il eft bien difficile de ne pas ſqupgonner 
que toute notre harmonic n'eſt qu une invention gothique & barbare, dont nous 
ne nous fuſſions jamais aviſes, fi nous euſſions été plus ſenſibles aux N 100 
beautẽs de "a & ala Ivo rraiment 1 0 
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To Mr. P. . neren New England. 


Dee, Ne, 


a ne e Killed. .ond. 4 Ada tr cw 
adapted for your purpoſe of diſcountenancing expen- 
ſive. foppery, and encouraging induſtry and frugality. 
If you can get it generally ſung in your country, it 
may probably have. a good deal af de effect you hope 
and expect from it. But as you aimed at making it 
general, I wonder you choſe ſo uncommon a meaſure 
| In poetry, that none of the tunes in common. uſe will 
ſuit it. Had you fitted it to an old one, well known, 
it muſt haue ſpread much faſter than I doubt it will 
do from the beft new tune we. can get compoſed. for 
it. I think too, that if you had given it to ſome 
country girl in the heart of the Maſſariusſels, who has 
never heard any other than pfalm tunes, or | Chevy 
Cbute, the Children in the Wood, the Spaniſh Lady, and 
ſach old ſimple ditties, but has naturally a good ear, 
ſhe might more probably have made a pleaſing po- 
co 
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and more proper for your purpoſe, which would beſt 
be-anſwered, if ev 
derſtood by all that hear it, and if the emphaſis you 
intend for 1 Þ by words could be given by the 
| finger Fa e reader; nuch of the force 
and 1impre a I x/ "ſong depending on thofe cir- 
cumſtances. I will however get it as well done for 
you as I.can. X MM 

Dos not imagine that 1 . to 883 — | Kill 
of our compoſers of muſick here ; they are admirable 
at pleaſing practiſed ears, and know bow. to delight one 
another ; but, in compoſing for ſongs, the reigning 
taſte ſents) to bel quite out of nature, or rather the 
reverſe of nature, and yet like a torrent, hurries them 

all away with it; one or two perhaps only excepted. 
Vou, in the ſpirit of ſome antient legiſlators, would 
influcner the manners of your country by the united 
powers of poetry and muſic. By what I can learn of 
their ſongs,” the muſick was ſimple, conformed itſelf 
to the uſual pronunciation of words, as to meaſure, 
cadence, or emphaſis, &c. never! diſguiſed! andi con: 
founded the language by making a long ſyllable ſhort; 
or a ſhort one long when: fung; their -finging was 
only a more pleaſing, becauſe a meladious manfier of 
ſpeaking; it was capable of all the graces of proſe 
oratory; while it added the pleaſure of harmony. A 
modern ſong, on tlie contrary, neglects all the pro- 
ꝓtieties and beauties of common ſperch, and in their 
place introduces its des and abfurdities as ſo many 
a am afraid you will hardly: take my wy 
171 A for 
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for this. and therefore I muſt endeavour to ſupport it 
by proof. Here is the-firſt ſong. I lay my hand on. 
It happens to be 4.compolition of one of our greateſt 
maſters, the even famous Handel. It is not one of his 
juvenile performances, before his taſte could be im- 
proved , and formed: It appeared when his reputation 


was at the higheſt, 15 greatly —— by all his ad- 
The adtitimal FAVOURITE Sog in Judas — — 
Now I reckon among the defects and improprieties of 
common ſpeech, the following, viz. © * 


Adelt -t U. K 
111. 


1. Wrong placing. the — or " emphaſee, by WR git 
on words of no importance, or on wrong ſyllables. 


1 Fe or-extending the-founds of words or 
ſyllables beyond: their natural tength. 34400 


3. Stuttefing', "or making many yllables bak. 
4. Uninitelli ible; De reſult of the thie forego- 


ing united. 2 1 * EL — 2 


Ll = 
5. Tautology ; ane! ere % 
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. * "Screaming, S without cauſe.” 
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| 83 Malin of the accent, o. iphaſts;"Tee it 
on the Wword' ther NESS of bon on the word vain.” 
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Aut on hog word 47 png and the n ſyllable like. 


rot | God-like, Wiſdom frm | "2 — above. 
The he roving ſeet the laſt Fier the word ae 
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20 e513: FTE. 2 anon root » 
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Gel tits e e ad Ele 
For Fe Stuttering,, ſee the words ne er e in 


Ma - gick Charms can 10 er er- li you;;. © 
Here are four ſyllables made of one, and eight — Rs ; 
but this is moderate. I have ſeen in another ſong that 
I cannot now find, ſeventeen ſyllables made of three, 
and ſinteen of one: the latter 1 remember was the 


word charms ; viz. Cha, 4, 4, 4, 4, a, a, a, 4, a, a, a, a, a, a, arms. 


with a witneſs S 


Stammering. 
For the ; give this whole ſong to 


any 2 linger, and let her ſing it to any company 
that 
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that have never heard it ; you ſhall find that they will 
not underftand three words in ten. It is therefore 
that at the oratorios and operas one ſees with books 
in their hands all thoſe-who deſire to underſtand what 
they hear ſung by even our beſt performers. 

For the T; autology; you have, with their vain myſterious 
art, twice repeated; Magic charms can ne er relieve you, 
three times. Nor can heal the wounded heart, three times. 
Godlike wiſdom from above, twice; and, this alons can 
ne er decerve you, two or three times. But this is rea- 
ſonable when compared with the Monſter Polypheme, the 
Monſter Polypheme, a hundred times over and over, in 
his admired Acis and Galatea. 

As to the ſcreaming ; perhaps I cannot find a fil 
inſtance in this ſong; but whoever has frequented 
our operas will remember many. And yet here me- 
thinks the words no and cer, when fang to thefe 
notes, have a little of the air of ſcreaming, and would 
actually be ſcreamed by 227 lingers... 
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I ſend you incloſed the ſong with its muſic at 
length. Read the words without the repetitions. Ob- 
ſerve how few they are, and what a ſhower of notes 

attend them. You will then perhaps be inclined to 
think with me, that though the words might be the 
4 Pente part of an antient ſong, they are of ſmall 
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importance in a modern one ; ___ are in r ſhort ln. 
e e t e bn, 
Tam, as ever, bk TP D ⁰ν,ν 18 

Wu fer onate brother, 
| B. F. 


j 


P. $.. Sy might. have 1 1 anohs 
the defects in common ſpeech. that are aſſumed, as 
beauties in modern ſinging. But as that ſeems more 
the fault of the ſinger than of the compoſer, I omit- 
ted ĩt in what related merely to the compoſition. The 
fine "th in the 8 mode, * all the hard 


and L uhh no > more of the 2 than you would 
from its tune played on any other inſtrument. If 
ever it was the ambition of muſicians to make inſtru- 
ments that ſhould imitate the human voice, that am- 
bition ſeems now reverſed, the voice aiming to be like 
an inſtrument. Thus wigs were firſt made to imitate 
a good natural head of hair; but when they became 
faſhionable, though in unnatural forms, we have ſeen 
natural hair dreſſed to look like wigs. 
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Aid. 
o eee ez ah 75 With [niw aft 
on America) of ſecuring Buildings * Tal 
3 1 in 170 I 
100 £ 14 Ci 2481 tt 1 40 | abby 15 5 Vf 
XPRRIMENTS made in electricity firſt gave 
| \; philoſophers a-ſuſpicion that the matter of light- 
ning was! the ſame with the electrie matter. Experi- 
ments: afterwards mate / on lightning: obtained from 
the clouds by pointed rods, recetveda into battles; and 
ſubjected to every trial have ſimce proved this ſuſpi- 
cion to be perfectly; well founded; and that whatever 
properties wel find in dete, ar alſo he proper. 
tiescbfnlightning. n , t ud nnibliond ai h. 
This matter of Uchtuing or of | cledricty, in an 
extreme ſubtle fluid, penetrating other bodies, and 
ſubſiſting in them, equally diffuſed; ii . 
When by any operation of art or nature, there 
happens to bea greater proportion of this fluid in 
one body than in another, the body which has maſt, 
will eommunicate to that which has leaſt, till the 


| proportion becomes equal provided the diſtance be. 
8 1 tweet 
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tween them be not too great; or, if it is too great, 
till there be proper canductors to convey it from one | 
to the other. 

If the communication be through the air without 
any conductor a bright licht is ſeen between the 
bodies, and a ſound is heard.” In our ſmall experi- 
ments we call this light and ſound the electric 5 
and ſnap; but in the great operations af nature; 
light is what we call lightning, and the ſound (pro- 
aber at the ſame time, though generally * arriving 
later at our ears than the light ft, 1 our us, 
with its echoes, called thunder. 

If the communication of this fluid is by a cob 
dudhor;: it may be without either ight” or! fotind, the 
ſubtle fluid paſſing in the ſubſtance: of the conductor. 

If the conductor be good and of ſufficient bignels, 
the: fluid paſſes: thromgh it without hurting it. If 
otherwiſe, it is damage or daſtroytdi 54 od ebugly 540 
All metals, and water, are gbod conductors-Orbet 
| bodice. may become bonductars by having ſome quan- 
tity. of water in them, as wood, and ather enmnterialz 
uſed in building, but not having much water inithem, 
they are not good conductors, and therefore ure often 
| damaged an the operation. 4514 b nf ant amoity» 

Glaſs, wax, filk, wool, Rair, feathers, i and ER 
wood, perfectly dry are non-canduttars: thatis, they 
reſiſt — of facilitating 05 N er par C2 
find: 2811 Aid Y' mod ats ett! vhod Sno 
| üben this fad has encuppreranity of paſſing | 
_ through ns, 5 and ſufficient,” as 
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of metal, the other not ſo good, it paſſes in the beſt 


and will follow it in any direction, 

The diſtance at which a body charged with this 
fluid will diſcharge itſelf ſuddenly, ſtriking through 
the air into another body that is not charged, or not 
ſo highly charged, is different according to the quan- 
tity of the fluid, the dimenſions and form of the 
bodies themſelves, and the ftate of the air between 
them.---This diſtance, whatever it happens to be be- 
tween any two bodies, is called their friking diflance, 
as till they come within that diſtance of each other, 
no ſtroke wilt be made. 

The clouds have often more of this fluid in pro- 
portion than the earth; in which caſe as ſoon as they 
come near enough (that is, within the ſtriking diſ- 
tance) or meet with a conductor, the fluid quits them 
and ſtrikes into the earth. A cloud fully charged 
with this fluid, if ſo high as to be beyond the ſtriking 
diſtance from the earth, paſſes quietly without making 
noiſe or giving light; unleſs it meets wit other 
clouds that have leſs. ; 

Tall trees, and lofty nage as the towers and 
ſpires of churches, become ſometimes conductors be- 
tween the clouds and the earth; but not being good 
ones, that is, not conveying av Sg freely, they are 
often damaged. 

Buildings that have their KEY covered with: lead, | 
or other metal, and ſpouts of metal continued from 
the roof into the ground to carry off the water, are 


never hurt by lightning, as whenever it falls on 
Sif 2 Fra ſuch 
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ſuch a building, it paſſes in ithe le and not in 
the walls. 700 

When other bnikllags happen to * within the 
ſtriking diſtance from ſuch clouds, the fluid paſſes 1 in 
the walls whether of wood, brick, or ſtone, — 
the walls only when it can find better conductors near 
them, as metal rods, bolts, and hinges of Jars: ERR 
or doors, gilding on wainſcot, or frames of pictures; 
the ſilvering on the backs of looking-glaſſes; the 
wires for bells; and the bodies of animals, as con- 
taining watry fluids. And in paſſing through the 
houſe it follows the direction of theſe conductors, 
taking as many in it's way as can aſſiſt it in it's paſ- 
ſage, whether in a ſtrait or crooked line, leaping from 
one to the other, if not far diſtant from each other, 
only rending the wall in the ſpaces where theſe partial 
good conductors are too diſtant from each other. 

An iron rod being placed on the outſide of a build- 
ing from the higheſt part continued down into the 
moiſt earth, in any direction ſtrait or crooked, fol- 
lowing the form of the roof or other parts of the 
building, will receive the lightning at its upper end, 
attracting it ſo as to prevent it's ſtriking any other 
part; and, affording it a good conveyance into the 
earth, will prevent it's damaging any _ of the 
building. . 

A ſmall quantity of metal is found able to vonduct 
a great quantity of this fluid. A wire no bigger than 
a, gooſe quill, has been known to conduct (with ſafety 
to 2 far as the wire was continued) a 
8 112 IT 
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quantity of lightning:that did prodigious damage both 
above and below it; and probably larger rods ate not 
negeſſaty, though it is common in America, toi make 
them of half an inch, ſome of an an 
inch diameter. aid gn. Of Nn een n. 
The rod may be faſtened to the wall, chintiey; * 
with, ſtaples of iron. -The lightning will not leave 
the rod (a good conductor) to paſs into the wall (a 
bad conductor), through thoſe ſtxples.-It would ra- 
ther, if any were in the wall, paſs out of it into the 
rod to get more readily by that conductor into the 
earth. , 
If the building be very large and ee two or 
more rods m be den at e m_ or aue 
ſecurity; | 
Small 3 parts of 505 faſpended: in ths: air 
between the great body of clouds and the earth (like 
leaf gold in electrical experiments), often ſerve as par- 
tial conductors for the lightning, which proceeds from 
one of them to another, and by their help comes 
within the ſtriking diſtance to the earth or a building. 
It therefore ſtrikes through thoſe conductors a build- 
ing that would er WP out * 2003 ſtriking 
diſtance. ., 1171 F E1:8W 8. 
Long ſharp! bits e with the earth, 
and preſented: to ſuch parts of clouds, drawing ſilently 
= them the fluid they are charged with, they are 
then attracted to the cloud, and may leave the diftance 
ſo great as to be beyond the reach of ſtriking- 
It is therefore that we elevate the upper — | 
rod * or eight feet above the higheſt part of the 
W 
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penny it gradually to ae polng 
which is gilt to prevent its ruſting. 

Thus the pointed rod either prevents a ſtroke hm 
the elqud. or, if -a:Rroke is made, conducts i it to the 
earth with ſafety to the building. 

The do wer end of the rod ſhould enter the earth lo 
deep as to come at the moiſt part, perhaps two or 
three feet: and if bent when under the ſurface ſo as 
to go in a horizontal line fix or eight feet from the 
wall, and then bent again downwards three or four 
feet, it will prevent damage to any of the ſtones of 
the foundation. | 

A perſon apprehenſive. of danger from lightning, 
begging during the time of thunder to be in a 
houſe not ſo ſecured, will do well to avoid ſitting 
near the chimney, near a looking-glaſs, or any gilt 
pictures or wainſcot; the ſafeſt place is in the middle 
of the room, (ſo it be not under a metal luſtre 
ſuſpended by a chain) fitting in one chair and laying 
the feet up in another. It is ſtill ſafer to bring two 
or three mattraſſes or beds into the middle of the 
room, and folding them up double, place the chair 
upon them; for they not being ſo good conductors as 
the walls, the lightning will not chuſe an interrupted 
courſe through the air of the room and the bedding, 
when it can go through a continued better conductor 
the wall. But where it can be had, a hameck or 
ſwinging bed, ſuſpended by filk cords equally diſtant 
from the walls on every fide, and from the eieling and 
e ne ec affords the” ſafeſt fitaation a 
2 | perſon 
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perſon can have intiany room: whatever and: what 
indeed may be deemed quite free frum danger of any 
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bells during a thunder- ſtorm, leſt the lightning, in 
its way to the earth, ſhould” be conducted-down to 
them by the bell ropes *, which are but bad conduc- 
tors; and yet is againſt fixing metal rods on the outſide 
of the ſteeple, which are known to be much better 
conductors, and which it would certainly chuſe to 
paſs in, rather than in dry hemp. And though for a 
thouſand years paſt bells have been ſolemnly conſe- 
crated by the Romiſh» church , in expectation that 
the ſound of ſuch bleſſed bells would drive away thoſe 
SE . ſecure our eee Gove ths — of 


1 


le feu du tonnerre qu'd nous en arbfitvery * i6 perfiſte Fin eos 
d'ẽpuiſer une nute orageuſe. du feu dont elle eſt n neſt pas celui d un 
phyſicien, 59, Mineire for ler en, du RN * 


* Les cloches, en veres Ge leur bent a e comer ln ee 
nous preſeryer des coups de foudre ; mais I & permet à la 12 humaine 
le choix des momens od il convient uſer 26 ce pretervatif. Je ne fais i le 
ſon, conſidẽrẽ phyſiquement; eſt capable, ou non, de faire erever une nute, & de 
cauſer I Epanchement de fon feu vers les objets terreſtres ; mais il eſt; certain & 
prouve par experience, que la tonnerre peut tomber fir un clocher, ſoit que 
Fon y ſonne ou que l'on n'y ſonne point; & fi cela arrive dans le premier cas, 
les ſonneurs ſont en grand danger, parcequ'ils tiennent des cordes par leſquelles 
la commotion de la foudre peut ſe communĩquer juſqu Jeux: il eſt done plus 
eu er- ve 1 
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{Mille teste u Sul eus in Mabel les orai- 
ſons ſuivantes 

Benedic, Domine .. . . . quotieſcumque ſanuerit, procal recedat wirtus infidiantium, 
. perceſe /uimimen, Info tonitreum, calanita 
ane eee eee eee, Gerten TEEN 

Deus, qui per beatum Moiſen, G.. guete, l- inimici, frager 
grandinum, procella turbinem, impetus cempebarein, temperentur infefia tonitrua, &c. 

Omnipotens ſempiterne Deus, GM .. „ ante ſonitum cjus agentur ignita 
ali minici, percuſſs fulminum, i s lapidum, lo tempeflatum, Nc. | 
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lichtnings and during ſo. long a period, it has not 
been found by experience, that places within the reach 
of ſuch -blefſed ſounds, are ſafer than others here at. ĩs 


never heatd ; but that on the contrary, the, lightning 


ferms to ſtrike ſtesples / of choice, and that at the very 
time the bells are ringing ; yet Wl} they continue to 
bleſs the new bells, and:Jangle the eld ones whenever 
it» thunders&--Onewould;: think git was now time to 
try ſome other trick - ＋ and outs recommended 
(achmever bis able philoſopher may have been told to 


the chmttaryh by morgcithan twelve, years expexienee, 


wherein, among the great number of houſes furniſned 
with iron rods in North America, nat one ſo guarded: 
has deen niaterially hurt with lightning, and ſeyeral 


have been evidently preſerved by their means; while 
a number of - houſes; churches, barns; ſhips, &. in 


different places, uriptovided with rods, haye deen 
ſtruek and greatly damaged, demoliſhed, or burnt. 
Probably the veſtries g gur Engl churches are 


not generally well acquainted th theſe facts 3 other- 


wiſe, ſinee as good proteſtants they have no faith in 
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the bleſüng of bells, they would; be leſs excuſable in 


not providing this other ſecurity for their reſpective 
churches, and for the good people that may happen 
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to he aſſembled in them during a tempeſt; eſpecially 
as thoſe buildings, from their greater height, are 
more expoſed to the ſtroke of lightning _—_ our 
common dwellings, 

I have nothing new in the philoſophical way to 
communicate to you, except what follows. When I 
was laſt year in Germany, I met with a ſingular kind 
of glaſs, being a tube about eight inches long, half an 
inch in diameter, with a hollow ball of near an inch 
diameter at one end, and one of an inch and half 
at the other, hermetically ſealed, and half filled with 
water. If one end is held in the hand, and the other a 
little elevated above the level, a conſtant ſucceſſion 
of large bubbles proceeds from the end in the hand 
to the other end, making an appearance that puz- 
zled me much, till I found that the ſpace not filled 
with water was alſo free froni air, and either filled 
with a ſubtile inviſible vapour continually riſing from 
the water, and extremely rarifiable by the leaſt heat 
at one end, and condenſable again by the leaſt cool - 
neſs at the other; or it 1s the very fluid of fire itſelf, 
which parting from the hand pervades the glaſs, and 
by its expanſive force: depreſſes the water till it can 


paſs between it and the glaſs, and eſcape to the other 


2 where it gets through the glaſs again into the 


I am rather" inclined to the firſt- opinion, but 


doubtful between the two. An ingenious artiſt here, 
Mr. Na#rne, - mathematical inſtrument - maker, has 
a number of them from mine, and improved 


for Mis are much more ſonſible than thoſe 1 
315415 Ttt a . 
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brought from Germany.] bored a very ſmall hole 
through the wainſcot in the ſeat of my window, 
through which a little cold air conſtantly entered, 
while the air in the room was kept warmer by fires 
daily made in it, being winter time. I placed one 
of his glaſſes, with the elevated end againſt this hole; 
and the bubbles from the other end, which was in 
a warmer ſituation, were continually paſſing day and 
night, to the no ſmall ſurprize of even philoſophi- 
cal ſpectators. Each bubble diſcharged, is larger than 
that from which it proceeds, and yet that is not di- 
miniſned; and by adding itſelf to the bubble at the 
other end, that bubble is not increaſed, which ſeems 
very paradoxical. When the balls at each end are 
made large, and the connecting tube very ſmall and 
bent at right angles, ſo that the balls, inſtead of 
being at the ends, are brought on the ſide of the 
tube, and the tube is held ſo as that the balls are 
above it, the water will be depreſſed in that which 
is held in the hand, and riſe in the other as a jet 
or fountain; when it is all in the other, it begins 
to boil, as it were, by the vapour paſſing up through 
it; and the inſtant it begins to boil, a ſudden, cold- 
neſs is felt in the ball held a curious experiment, 
this, firſt obſerved and ſhewn me by Mr. Nairne. 
There is ſomething in it ſimilar to the old obſerva- 
tion, I think mentioned by Ariſtotie, that the bottom 
of a boiling pot is not warm; and perhaps it may 
help to explain that fact if indeed it be a fact. 


2 the water ſtands at an equal height in . 
eſe 
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theſe balls, and all at reſt; if you wet one of the 
balls by means of a feather dipped. in ſpirit, though 
that ſpirit is of the ſame temperament as to heat 
and cold, with the water in the glaſſes, yet the cold 
occaſioned by the evaporation of the ſpirit from the 
wetted ball, will fo*condenſe the vapour over the 
water contained in that ball, as that the water of 
the other ball will be preſſed. up into it, followed 
by a ſucceſſion of bubbles, till the ſpirit is all dried 
away. Perhaps the obſervations on theſe little in- 
ſtruments may ſuggeſt and be applied to ſome bene- 
ficial ufes. It has been thought that water reduced 


to vapour by heat, was rarified only fourteen thou- - 


ſand times, and on. this principle our engines for 
raiſing water by fire are ſaid to be conſtructed : But 
if the vapour ſo much rarified from water, is capable 
of being itſelf ſtill, farther rarified to a boundleſs 
degree by the application of heat to the veſſels or 
parts of veſſels containing the vapour (as at firſt 


it is applied to thoſe containing the water) perhape 


a much greater power may be obtained, with little 
additional expence. Poſſibly too, the power of eaſily 
moving water from one end to the other of a move- 
ahle beam (ſuſpended in the middle like a ſcale beam) 
by a ſmall degree of heat, may be applied advan- 
Wen to ſome other mechanical purpoſeg. #*.* 
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LE DE E R IXI. 


3 Sir Jobn Pringle, Bart. 


STIR,  Craven-ſireet, May 10, 1768. 
OU ny remember that when we were travel - 
ling together in Halland, you remarked that the 
K in one of the ſtages went flower than 
uſual, and enquired of the boatman, what might 

be the reaſon; who anſwered, that it had been a dry 
alle: and the water in the canal was low. On 
being again alked if it was fo low as that the boat 
touched the muddy bottom ; he ſaid, no, not ſo low- 
as that, but ſo low as to make it harder for the 
horſe to draw the boat. We neither of us at firſt 
could conceive that if there was water enough for 
the boat to fim clear of the bottom, its being 
would make any difference; but as the man 
affirmed it ſeriouſſy as a thing well known among 
them; and as the punctuality required in their ſtages, 
was likely to make ſuch difference, if any there were, 
more readily obſerved by them, than by other water- 


wen. who 4 not paſs ſo regularly and conſtantly 
backwards 
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backwards and forwards in the fame track; 1 began 
to apprehend {there might be fomething in it, and 
attempted to account for it from this conſideration, 


that the boat in proceeding — — canal, muſt in 


every boat's length of;;her co move out of her 
way! à body of water, equal in bulk to the roam 
her bottom took up in the water ; that the water 
ſo moved, muſt paſs; on each fide of her and under 
her bottom to get behind her; that if the paſſage 
undler her bottom was ſtraitened by the ſmallows, 
more of that water muſt, paſs by her ſides, and with 
a ſwifter motion; which: would retard. her, as moving 


the contrary way or that the water becoming lower. 


behind the boat than before, ſhe was preſſed back by 
the weight of its difference in height, and her motion 
retarded. by having that wieght conſtantly, to. over- 
come. But as it. is often loſt time to attempt ac- 


counting for uncertain facts, I determined to make 


an experiment of this when 1 ſhows have convenient 
time and opportunity. i et 
After our return tee as ; aftan. 36 I happened 
to be on the; Tbamen ol enquired ;of; our water men 
eb they were ſenſible of any difference in rowing 
over ſhallow or deep water: I found them all agrge- 
ing in the fact, that there was a very great difference, 
but chey differed widely in. expreſſing the quantity of 
the difference; ſore ſuppoſing it was equal to a mile 
in fix, others to a mile in three, c., As I did nat 
recbllett ta have met with any mention! of this matter 


in od! Ms books, and eonegiving that. if the 


difference: 
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difference ſhould really be great, it might be an ob- 
ject of conſideration in the many projects now on 
foot for digging new navigable canals in this iſland, 

I lately put my deſign of making the een in 
execution, in the following manner: 

I provided a trough of plained boards fourteen feet 
long, fix inches wide and ſix inches deep, in the clear, 
filled with water within half an inch of the edge, to 
repreſent a canal. I had a looſe board of nearly the 
ſame length and breadth, that being put into the 
water might be ſunk to any depth, and fixed by little 
wedges where I would chuſe to have it ſtay, in order 
to make different depths of water, leaving the ſurface 
at the ſame height with regard to the ſides of the 
trough. 1 had a little boat in form of a lighter or 
boat of burthen, ſix inches long, two inches and a 
quarter wide, and one inch and a quarter deep. When 
ſwimming, it drew) one inch water. To give motion 
to the boat, I fixed one end of a long ſilk thread to 
its bow, juſt even with the waters edge, the other 
end paſſed over a well-made braſs pully, of about an 
inch diameter, turning freely on à ſmall axis; and a 
ſhilling was the weight. Then placing the boat at 
one end of the trough, the weight weukd! draw ĩt 
trough the water to the other. 
Not having a Watch that ſhows Seele in l order 

to meaſure the time taken up by the boat in paſſing 
from end to end; T counted as faſt as 1 could count 
to ten repeatedly, keeping an account of the number 


of tens on my fingers.” And as much as poſſible to 
b correct 
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correct any little inequalities in my counting, I 
peated the experiment a number of times at Kurt? 
depth of water, that I might take the medium.---And 
the n are the reſults. . 


Water 11 inch deep. 2 inches. 41 inches. 
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I made many other experiments, but the above are 
thoſe in which I was moſt exact; and they ſerve ſuf- 
ficiently to ſhow that the difference is conſiderable. 
Between the deepeſt and ſhalloweſt it appears to be 
ſomewhat more than one fifth. So that ſuppoſing 
large canals and boats and depths of water to bear the 
ſame proportions, and that four men or horſes would 
draw a boat in deep water four leagues in four hours, 
it would require five to draw the ſame boat in the 
ſame time as far in ſhallow water; or four would 


require five hours. | 
Uuu Whether 


514 LerTarxs and Parens, Ofc. 
Whether this difference is of conſequence enough to 
_ juſtify a greater expence in deepening canals, is a 


matter of calculation, which our ingenious Wr 
in that way will Sire determine. 
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A 
THER, what, 285. 

Accent or Emphaſis, 
wrong * of it, one of 
the faults in modern ſongs, 
5 
Air, | its particles, their proper- 
ties, 41, 190, & ſeq. its cur- 
rents over the globe, 47, 48. 


IIt reſiſts the motion of the 


electric fluid, 80, and con- 
fines it to bodies, 81, 182. 
Its effects in electric experi- 
ments, 96, 97. 
Its friction againſt trees, &c. 


each other, 190, diſſolves wa- 
wh 93. 80 and, when dry, oil, 
h 


— with oil, ibid. 
— how water is ſupported- i in 
it, 194. Objections to this 
inion, 245- 


2 cold, and why, 
I 
7250 rooms, electrified poſi- 
ä tively and er Mr. 
Canton, 416. 
Di effects of heat upon it, 293. 
== has its ſhare of electricity, 


394» experiments to proye 
it, z 

Its electricity ſometimes den- 
ſer above than below, 396, 
417. 

— rare, no bad conductor of 
ſound, 447. 

Air -Thermometer, electrical, ex- 


. with it, 398, & 
r. 


er, electric experiments on 
it, 435. 
America, why marriage is mere 
_ _ and more gene- 
20 


Aab of the Leiden phial, 26 | 
conſidered, 120, 184, 418. 


Air, and water mutually attract 


27+ 
Atimal-Heat, whence it ariſes; 
354. 


Animalcules, ſuppoſed to cauſe 
y ſuffocating when | e of 


the luminous ap 
ſea water, 281, & ſeg. 


Armies, whence the beſt means 


of ſupporting themz 346. 
Armonica, the, a new muſical 
inſtrument deſcribed, 438, 
& /eq. Manner of ds 

on it, +43. 


wma 


— 83 denſer 
above than below, 195. 


ors 


E N. 


*Aurora- Borealis, explained, 48, 
49, 271. 


159. 
B 


Balls of fire, in the air, Re- 
mark concerning them, 447. 

Barometer, how the air operates 
on it, 456. 

Baſs, unneceſſary in ſome tunes, 
489. 

Battery electric, its conſtruction, 

. 

Bercaria, Pere, character of his 


rious experiment of his, 417. 
Letter to him, 437. 


Bells, the form in conſecrating | 


them, 5 953. 
Bevis, Dr. draws electricity 
from the clouds, 116. 


Black cloths, heat more and dry 
fooner in the ſun than white 


ones, 483. 


Black, a chimney — of that 


colour, when expoſed to the 


ſun, will draw more ſtrongly, | 
A bad colour for 


clothes in hot climates, 483. © 
Candles lighted by elefricity . 


Canton, Mr. Jobn, ſome — | 


382. 


Fit for the lining of ladies 
ſummer hats, 484. 


a Blindneſs, occaſioned by fght- | 
ning,.and by electricity, 66. 
h — draws W from the 


* Blunt Budies, compared wit 
Pointed ones, their effects, 
4, 61, 63. 


over ſhoal or deep water, 512, 


Query concerning it 


Body, human, generally is fpe- 
cifically lighter than water, 
475, 476. | 

Bodies, brought into a poſitive 

' atmoſphere, are thereby elec- 

tris'd negatively, 167. 

at a diſtance, their ac- 
tion on each other conſider d, 
262, 266. 

Boerhaave, his opinion of the 
propagation of heat, 284, 
and of ſteam from ferment- 
ing liquors, 285. 


Bolton, Mr. a curious experi- 


book on electricity, 168. Cu- 
Boſton, its inhabitants decreaſe, 


ment of his, 408. 


202, 


Braſs, hoe yields unwholeſome 


eams, 318. 
Britain cannot long ſupply the 
colonies with manufactures, 


207. 
Buildings, what kind ſafeſt from 


lightning, 499. 
Bur, round a hole track thro* 


paſtboard, the cauſe of it, 
ü 


* 


ous , ee of his, 408. 
8 . 


clouds, 115. 


a Cann, ſi lver, a fingular experi- 
Boat. difference in its ſailing ; 


ment on it, 334. 
Carolina, South, accounts of the 
effects 
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effects of lightning on two 
conductors there, 426, & eq. 
Remarks on thoſe accounts, 
430, & ſeq. 
Cap of white paper, its uſe, 484. 
Cavendiſh, Lord Charles, a very 
ingenious experiment of his, 
411. 
barging a number of bottles at 
the ſame time, the manner 
deſcnbed, - 239. 
Charging and diſcharging, the 
terms explained, 24. 
Cbimnies, common, their ineffi- 
cacy in warming rooms, 296, 


3 | 
— The motion of air in them, 
and one cauſe of their ſmoak- 
ing explained, 294. Damage 
ſometimes done by them, 298 
—An eaſy method of obtaining 
more warmth in the uſe of 
them, 377. —In common 
chimnies half the —— 
ed, 378. A property of them 
| . 379. Uſe of it 
propoſed, ibid. & 381. Cauſe 


of it explained, 380, 381. 
Cold, great, produced by evapo- 


Effect of painting the funnel 
black, f 382. 


2 
344 


8 - 


in different ways, 471, 472. 


Cities, why they do not ſupply 
themſelves with inhabitants, 


205. ws. +33 45 44) ih 
Cloathing, does not give warmth, 
un ITEM | 


: Chike, of what colour, fitteſt 
for hot climates, 483. 


D 2 3 


Effect of contracting them * 


Clouds, ariſing from ſea and 
others from land, effects of 
their meeting, 45, 46, 47. 
electricity firſt drawn 
from them at Marly, 107. 
—Are electriſed ſometimes ne- 
gatively and ſometimes poſi- 
tively, 122, 123, 136, 137, 

157, 158. 


onjectures, on the manner 


in which they become elec- 
triſed, 125, & ſeq. 271, 331. 
— Motives topropoling the firſt 
experiment on them, 331. 
Ho ſupported in air, 194. 
How formed, 196. Whe- 
ther wind can be confined in 
them, 265, 269, 287. 
Colden, Mr. David, his remarks 
on Abbè Nollet's letters, 138. 
Cold, the ſenſation of it, how 
produced, 352, 353. 
— only the abſence of heat, 


356. 
1 by mixtures, how, 


35 6, 357. | i 
hy it ſeems greater in me- 


tals. than in wood, 268, 353. 


ration, experiments of it, 3530, 
37, 372. The practice lon 
nown in the Eaſt, 372, an, 
; to our ſailors, 373. Several 
phenomena, hitherto unac- 


counted for, explained by it, 


374, & /eq. 
Colds, how caught, according 


to common opinion, 297. 
Co.onies 


Wo 
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Colonies, American, their liber- 
ty more ſecure in diſunion, 


247. 3 
7 in N. America, dou- 
ble in 25 years, 213. 
Colonrs, different in clothes, im- 
bibe different degrees of heat 
from the Sun's rays, 482. 
Experiments on them, 483. 
Conduftors, and Non-condutiors, 
terms propoſed inſtead of 
Eleftrics per ſe, and Non-Elec- 
trics, 96, 270. | 
ſome will conduct 


electricity, in ſmall quanti- 


ties, that will not conduct a 
ſhock, 36, 330, 410. 


— of common fire, 


their properties, and diffe- 
rences, 351. 


— Experiments on them, | 


_ 
culars relating to them, 498, 
. 
Commerce, its conveniencies and 
inconveniencies, 346. 
Comozants, (or Corpuſants) ſeen 


on the maſts of ſhips, are 


electrical appearances, 90. 
Crooked Direction, of li — 
_ + explain'd, 175, F 
Cuſbion, (of buckfkin, fill q with 
dran) its improy'd manage - 
ment, 9 9. 


Duties, moral, the knowledge 


D:.: 
Danes on walls, whence, 
x | 


1. +2:1 | 
Dan Winds, why they give a 


more uneaſy ſenſation of cold 
than dry ones, 267, 351. 
Dampier, Capt. extracts from 
his voyages, relating to wa- 
terſpouts, 276, & /eq. 
Defefs, in common ſpeech, the 
GE beauties of modern 
nging, 493. 
n vhs of, not 
ſubject to colds, 313. 
Domien, a Tranſylvanian, fome 
account of him, 328. 
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E 


Eartb, why it grows no hotter 

under the Summer ſun, 375. 
Earth, the, ſometimes ſtrikes 
| lightning into the clouds, 

124. = | 
Earth, will diſſolve in air, 191. 
— dry, not a good conductor, 


5 36. | 
Ent, ancient, their uſe 


- * CO us, 3 0 : 


Effiuvia, of drugs, &c. will not 
als thro” glaſs, 82, 83. 
he ag Lune 


E407 83 


Eleftric 1 how pro- 


— its 2— 58, & ſeq. 
Elettric Balten, its conſtruction, 


2. 
Etetiric Wheel, deſcribed, 3 1. 
Elefitric Clouds, experiment to 
_ their operation, /63, 


Eleftric Death, the eakioſt of all, 
333. 
Eleftric Fire, not erratad by 


friction, but collected, 41. 
Its particles, their proper- 


ties, 34, 55, & ſeq. 
its uſes, 56. 


Au produces heat or com- 
mon fire in che bodies it 
paifes thire*, and how, 50, 
400, 419,421. ä 

Fileftric, and common fire, a 
remarkable difference be- 

Elefri f . 

c Fluid, is at- 
tracted by glaſs, 74- 

— manner thro? 

"= hermetically ſealed, 


— paſſes i in ſmall quantities 

1 — in a ſtroke 
ightnin 

— roy — and pro- 
per conductora, _remagath to 

+ the ſtroke, 2 32. 

— pervades denſe matter 

with greateſt eaſe, 271. 


——chuſes che beſtconductors, 0 


> == wenn 


Electric Fluid, pervades ſome 
glaſs, when Warm, 409, 

 Elefric Matter, in bodies, re- 
pelled and moved by the ap- 
va hof an electriſed body, 
1 

Elfiri Farce may be encreaſed 
without bounds, 94. 

— Kiſs, its force encreaſed, 


Elefaric Tits, deſeribed. I _ 18. 
Electrical party of pleaſure, 37. 
Electrical horſe-race, 396. 
——ar-thermometer deſcrib'd, 
396. R. N with it, 


8. 
Elben Ae as. Rakion 


bottle, its phænomena ex- 
r 12, & ſeq. | 
cal Shaok, a great one, its 

160, 161, 333. 
, whether poſitiue or 
negative hath ſome ſimilar 
Elari — — 

g: poſitive and negative, 

in 1 88, & aq. 


E, & frics,. 
the _ — berwcen chem. 


1, 
Ea Buag — 8 
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; Engliſh, effect of their ancient 


manners, 345- 

Evaporation, cold produced by 
it, 371, 372, 406, 407. 
Experiments with the Leiden 

Bottle, 15, & ſeg. 


iments of firing ſpirits by a 


| ſpark ſent'thro? a river, how 
performed, 37. 
Experiment, the great one, of 
examining the clouds, pro- 
poſed, and the manner di- 
rected, 66. 
Experiment on drugs elerify'd, 
83, 84. 
Experiment, to diſcover the kind 


of electricity in the clouds, | 


121. 
Experiment, of encreaſin elec- 
- tricity on the ſurface of a bo- 
dy, by condenſing the body, 
12 
Experiment, Mr. Coldew's, on the 
Leiden phial, 146. 
Experiments electrical, 88 Mr. 
Canton, 150. 
Experiments, electrical, in pur- 
ſuance of thoſe made by Mr. 
Canton, 162. 


Experiment, on wood and metal, | 


with heat, 268. 
| ment. on ſea water, to dif. 
cover the cauſe of its Jumi- 
nous appearance, 281. 
Experiment propoſed; to meaſure 
the time taken up by anelec- 
trick ſpark, in moving thro” 
a given ſpace, 288. Anſwer 


thereto, 290. 


tain caſes, 420. 
— in 2 quieſeas ſtate; 420. 


Experiment on a ſilver cann, 3 34. 

Experiment, producing great 
cold by erer 371, 
run 

Experiment, ſhewing the diffe- 
rent effects of the ſame quan- 

_ tity of electricity on different 
quantities of metal, 427. 

Experiments on the Tourmalin, 
383, & ſeq. 

Experiment on the failing of 
boats over deep and ſhallow. 
water, of Fa 10115111 


F 
Fats, beſt to aſcorizia enn bo 
fore one attempts to account 
for them, 459. | 
Fanning, how it cools; 375. 
Fevers, occaſioned by exerciſe 
in the Sun, in hot Fardares, 
483. 
Fire, a region of, above rt 
clouds, 2717. 
Fire common, joined with as, 
makes 1 its NY lighters | 
42. 


— its ſuppoſed properties 


I 23 2 
— is a flui rmeatin i 
bodies, 351. p 1 Th. 
— conductors of it, their 
differences, 36 1. 
— Cxiſts in 2 ſolid fre 3 in 
fuel, 354» 420. 5 
recovers its fuidity in cer- 


r 


Fire, 
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Firt, many ways of kindling 
it, 419. 

Fire- places, a new conſtruction of 
them deſcribed, 292, & ſeg. 


Former ones bonſidered, 295, 


& ſeq. 


— manner of : uſing them, 


, & ſe 
— — of them, 312, 
& ſeq. 
— — to them an- 
ſwered, 310. 
——dire&ions to put them up, 


| 321 
Fires, great and bright, damage 
the eyes and ſkin, 298. 


Fleſh, how made tender by 
lightning, and by electricity, 


Finds. agitated, do not produce 
heat, 459- 

Florence fla "when filled with 
| boiling water, permittedelec- 
tricity to paſs thro? it, 393. 
Fogs, and miſts, how ſupported 

in air, 194. 
Foreigners, their importation 


not neteſſary to encreaſe 2 


a people, 212. 
Fountein electriſied, its ſtream 
ſeparates in form of a bruſn, 


Ba. the effects of its milita- 
ry manners, 344, 345. 

Freezing a man to death in a 
Summer's day, poſſibility of 

it, 372. 

Frugality and Induſtry, ſurpriz- 
ing effects of, 342. 


Fruit Walls, blacking them, ef- 
fects to be expected from i it, 


484. 
Fuſion cold, of metals, what, 
51, 52. 


—— The notion of it proves a 


miſtake, 400. 
— The error of it acknow- 


ledged, 419. 
G 


Gilding on a book, © conducts 
well at firſt, 36, why not fo 
well afterwards, 69. 

—— The effects of lightning 
on it, 67. 

Glaſs has always the ſame quan- 
35 22 fluid, 26. 

the whole power of givi 
a ſhock is in le. 404 . 5 

—— panes of it, by whom ſt 

uſed in clectriciexperiments, 
20% 

great force in ſmall porti- 
ons of it, 35, 74. 


is impermeable to the e- 


lectric fluid, 73, & ſeq. in 

what ſenſe, 168. 

— ſtrongly attracts the elec- 
tric fluid, 74. 

— cannot be cledrified mi- 


nus, 75. 


— oppoſite ſurfaces, how * 


affected, 25, 75. 
— its component parts ex- 
treamly fine, 76. 
its pores exceeding ſmall, 


ibid. Glaſs, 
21 + fa | 
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Glaſs, ihe manner of its opera- 


tion in produci 88 electricity, 


explain'd, 76, & ſeq. 


—— its elaſticity, to what poſ- 


ſibly owing, 78. 


—— thick, reſiſts the change 


in the electricity of its diffe- 
rent ſides, 82. 
rod of it, will not conduct 
a a ſhock, ibid. 8 


trified, ſulphur negatively, 
| reaſons for thinking ſo, 104, 
10 


——globes of it, ſome will not 


produce electricity, 327, what 

beſt, ibid. i 

Aan error re to its 
pores, — 329. 

Glaſs, a curious one deſcribed, 
507, & jeg. _ 

* a new muſical inſtru- 
ment compos'd of them, de- 
ſcribed, 438, & * 

Gald Leaf, ics ſuſpenſion ex- 
plain'd, 70, & . 

Government, — only be 

dieſtroyed by corrupt man- 


ners, 343. 
Greece, its ſuperiority over Per- 
fra, 3 343. 
Green and 
tween thoſe colours, 488. 
„ dry, how to be fi- 
red by electricity, 92. 


* how 
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rubbed, is poſitively elec- 


red, a relation be- 


x „ 
toſecurethemfromligh 


New propo + | 
eping es dns dry, 


H 


Habits, and manners, their ef- 
ficacy in increaſing mankind, 
339, 340. | 

Harmony, and melody, wha, 
48657; «©: 

Harp, ancient Scotch runes 
eompoſed to be ſung with 
that inſtrument, 488. The 
effect it had on their compo- 
ſition, ibid. 

Hats, ladies 3 of what 
colour beſt, 484. a 

Heat, the pain it occaſions, 
how produced, 353. 

—— in an animal, how produ- 

ced, 354, 355 

— in er its de- 
gree, 355. | 

— great, at Philadelphia, 
June 1750, its circumſtan- 
ces, 37 34. 

— uced in bodies by 

icity, and by lightning, 

400, 419, 421, 40 

PS ek — fie. 
board, reaſon of the bur 
round 441.7 5: . 
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for kee 


452. 


 Horſe-Race, electrical, 396. 
Hudſon - Niuer, winds there, 


2635 Oh 286. 
Hunters, 
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Rod, iron, erected, for experi- 
ments on the clouds, 120. 
Its uſe as a conductor of 
N lightning, OO. 
Rome, effect of its manners con- 
ſidered, 343. 

Rooms, warm, their advantages, 
299, & ſeq. Do not give 
people colds, 318, & ſeg. 

Rouſſeau, his opinion of tunes 

in parts, 489, 490. 
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Salt, Rock, form'd originally 
from the ſea, and in what 

manner. 387, 388. 

Salt-Water, how to quench 
thirſt with it, 469. 

Scoteb Tuner, the pleaſure they 
give explain'd, 496. 

Sea, the ſource of lightning, 
objections to that opinion, 
178, Reaſons on which it 
was founded, 182, 183. 

— its luminous appearance 

accounted for, 281, & /. 

— not ſalt from the diſſolu- 
tion of rock-ſalt, but freſher 

_ than it was originally, 
2 
mountains, bid. N 
Sea-Water, ſoon loſes. its lu- 
minous quality, 184. 

Sons, not profitable labourers, 

| free people, 210. by 


Small- Pox, loſs by it in Boſton, 
201, 202, 8 
Smell of Electricity, produc'd by 
its action on ſomething in the 
air, 84. | 
Snow, blown about by the wind, 
gave electricity, tho? the air 
otherwiſe clear, 444. 
way ancient, gave more plea- 
ure than modern ones, why, 


489, 492. Modern, com- 


poſed of all the defects and 
abſurdities of common 
ſpeech, ibid. Inſtances of 
it, 493, & ſeq. 

Sound, obſervations' on it, 445, 
under water ſtrong at a diſ- 
tance, ibid. Queries con- 
e e 446, 447. A ſub- 
tle fl fulped as the 
conductor of it, ih. 


Sounds, Juſt paſt, we have a per- 


fect idea of their pitch, 486, 


487. 
Spain, what has thinned its peo- 


ple, 273. 
Specifical Weight, what, 294. 
Spheres elefiric, commodious 
ones, 11. 
Spider, counterfeit, deſcrib'd, ro. 
Spirit, inflammable; linen cloths 
wet with it, and applied to 
infut inflammations of the 


vs, give coolnefs and 


eaſe, 276. 


| Spirits, fired without beating 


them, 31. 


Spots, 


* 
, 


" 
n 


IX a 


274. . 
electrical, deſeribed. 396. 
Brides Church, obſervation 


Stars, ſhooting, whac.: 244. 
St. 
of the ſtroke of lightning on 
non. ele 
$:orms, ſee Nortb- Eaſt. 
Stuttering, one of the affected 
_ beauties. of modern ſongs, 
493, & ſeq. 
Sun, why not waſted by expence 
of light, 274. 
Surface, whether increaſe of it 
can account for the riſe of 
vapours, 256, 259, 267, 
Surfaces, the oppolite ones of 
glaſs, their different ſtate 
When electriſed, 28, 75, 
Sulphur Globe, its electricity dif- 
ferent n of 
; the glaſs 10 
Stpeat, the put eh of keeping 
it up, in thoſe.that labour in 
the ſun in hot climates, 3747 
The manner of doing it, 
n of electric motion ex- 
© PG, 290, 291. 


OY 17 ſeq. How a perſon 
unacquainted with it may a- 
void linkings 476, 477. 
ck, tful and wholeſome ex- 


erei A, e 
ſoldie Perro 
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7 -autoligy, { OE beauties, of | 


mager n ſongs, 493, 495. 


how to. be learnt, 


A 


Spots in the Sun, how formed, a 


ing oa it When dry, 376. 


Experiments made with it, 
399 & ſeq. 

Thirſt, how it may be quenched 
with. ſalt water, 469, 470. 


7 bunder guſts, what, 39. 


a new hypotheſis for ex- 
5 aining them, ib. & ſeq. | 
Tides, in rivers, their motion 
explain'd, 460,& ſeg. A tide 
is a wave, high and low water 
different parts of that wave, 
ibid. Not much more water in 
a river at high-water than at 
low water, 461, 46a, two, 
three, or more high waters, 
1 and as many low waters exiſt + 
ing in the ſame river at the 
ſame time, 462, 467. 8 
Tourmalin, . ſome. experiments 
on it, 383, & ſeq, 
Towns, in England, — of 
their growth, 342. 
Trees, dang rous to take ſhelter 
under them, 30. Why cool. 
in the ſun, 375. 
—— the ſhivering of chem by 
lightning explained, 423. 
Triangles, equilateral, form'd by. 
particles of air, 42. 
Tube, of glaſs, lin d with a noi N 
electric, experiment with 1 
2799.0 | 
— may be made by rubbing 
to act like the Leiden — ol 5 


80. ˖ f * 7 
0 14 21 3 
| Tube, 


*> 
” 


* 
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Tube, exhauſted of air, the elec- 

trio fire moves freely in it, 80. 

Tubes, of Glaſs, manner of rub- 
bing them, 11, _ 

7 unes, ancient Scotch, why they 

ſo generally give pleaſure, 
486, 490. Compoſed to the 
wire harp, 488, in parts, 
— s opinion of chem, 


2 Tien by electricity 
x60: 3 !- 


Unintelligibleneſs,, one of the 
faultsof modern Unging,49 3. 
V 
1 Torricellian, experi | 
ment with it, 156. 
experiment in Vacuo, to 
ſhew that the electric ſpark 
paſſes ſtrait, when not re- 
ſiſted by air, 177. 


Vapour, aſcends from falt 


water, and leaves the ſalt, 
Another experiment 


388. 
on it, 406. 
Vapouro, the cauſe of their riſing 


conſidered, 256, 259. 


Varniſh, dry, burat by electric | 


ſparks, 34. 
Volcano s, conjecture — many 
of them have ceaſed, 388. 


W 
Mars, civil, whether they 
ſtrengthen a country, conſi- 


dered, 345. 
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vapours more copiou 

its particles ariſing at att 
themſelves to particles of air, 
41, and nn. A =. 
other, 42. a 5 

—— will diſſolve i in air, 197. 

boiling, effect of fire upon 

; it, 192. 4 

—— how its parts are ſupport- 

ed in air, 194. 

— does not riſe in vapour by 
being reduced to hollow 
ſpheres, 2 ; 

—— originally all ſalt, 387. 
Freſh, the produce of diſti]- 
- lation only, ibid. 

——exploded like gunpowder, 
by electricity, 422. Its de- 
gtee of rarefaction, 509...... 

Watſon, Dr. a letter of his, 114. 

Waterſpouts, how formed, 200, 
230, 285. 

—— whether they deſcend or 
aſcend, 216, 218, & ſeq. 

farther conſider d- 224, 
& ſeq. 

—— winds blow from all points 
towards them, 227. 

are whirlwinds at ſea, 230. 

—— effect of one on the coaſt 
of Guinea, 240, 277. 

account of one in Antigua, 

241, & ſeq. 


farther accounts of them, 


and reaſonings upon them, 


246, & ſeq. 263, 264, 276. 
Wax, 


r 


lid Ar; conduct, 271. 
M.. his conductor firuck 
* Dang, and houſe pre- 
= ſerved, 401,49 ſeg, 

eel elefiric, deſcribed, 105 


1 a» 


7 
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. bow formed, 199, 


. age; 460 6 fe. 
. why the fitteſt colour for 
jlioldiers clothes in hot ſunny 

climates, 484. 
Wilſon, Mr. draws electricity 

| —— clouds, 116. 
„ Winds Trade, explained, 196, 
10859, 261. Theexplanation 

.._ objected to, 238. 
———- weſterly in the northern 
and fouthern None why, 

Yeah 


% 


be eleftrit Fpolieſve- 


e elf. moving,” deſcribed, 
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Nn, from ſea and land, reaſon 


of their different heat and 


cold at different ſeaſons, 199. 
——- whether they can be con- 
flned to clouds, 265, 269,287. 
their effect on the progreſs. 
of ſound conſidered, 446. 
Winthrop, Profeſſor,” a curious 
_ obſervation of his, 444. 
Wi 2 — conducts a 
of lightning, fafel 
- tho? deſtroy" itſelf? 70,1 in | 
——melted by electricity, 184. 
from the earth to the cu- 
nion, furniſhes more electrio 
fire, 185. 
— lengthened by electricity. 


Wind. why it does not feel fo, 
cold as metals, tho' of the 
ſame rature, 26 8 

Woolfon, why warmer than linen, 
ens | NS 


